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FOREWORD

This report is submitted in fulfillment of Contract Data Require-
ments List Item Number A003, Final Report for the New Generation
Strategie Submarine Study, Contract No. NO0l40-76-C-6446.

This research was supported by the Advanced Research Projects ]
Agency of the Department of Defense and was monitored by the Naval ]
Underwater Systems Center, New London Laboratory, under Contract 3
No. NO0140-76-C-6446.

The views and conclusions contained in this document are those of
the authors and should not be interpreted as necessarily represen-
ting ~'e official policies, either expressed or implied, of the
Adrauced Research Projects Agency or the U. S. Government.
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1. SUMMARY

S s Ay BTN

The study was undert ken'to determine the feasibility and advaatages
of applying aerospac2 technology.and methods*to the design of a new
generation of stratzgic submarine. The~stud§?focused on how these
methods and techniques could be applied to improve the operational :
capability, and cost of acquisition and ownership of ocur strategic 0
submarine deterrent forces. Systems Efigineering and Irtegration and : %
Design to €ost mathods used successfully on programs such as Titan Py
launch-vehicles Skylab,”and Viking were applied and it was deter-
mined that performance and cost could be enhanced over that presently
exhibited by a SSBN 640 class submarine. In general the results

will also be applicable to strategic submarines presently under
construction since they and the SSBN 640 share the ‘samé- philosophy
-of -independent subsystem mechanization and crew operation and it is
in changing these areas that the greatest gains can be achieved. _
These results relate to the subsystems within the boat excluding ™ .
weapons and reactor and hull design. The'‘'application of these tech- '
niques involved the assumption that the new generation of strategic
submarine should be an integrated man/machine interactii: weapons :
system with a long-life requirement. . ;

R

The study resulted in a concept for a new generation strategic sub-
marine manned by a crew complement of 30 that is capable of remain-
ing continuously on station for a year or more, providing a choice

in the selection of operating cycles. Economic analyses performed

in the study indicate that if the entire fleet of strategic submarines
were o be developed with this philosophy, the Jife cycle cost savings
would be $1.9 billion in present value ($3.7 billion in 1376 dollars)
over a new fleet designed as extensions of existing SSBN designs.
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The study couclusions are based on the results of a detailed func- !
tional analysis of an existing strategic submarine and the subsequent

upgrading of the subsystems within it by appropriate aerospace tech- :
niques of using computers for control when they are suited to the E
function. WNot all systems in the existing submarine were upgradei. '
Only those systems were upgraded wherein a positive return could be
achieved in terms of increased time on statlion or enhanced surviva-
bility, or where a cost benefit would accrue without jeopardizing
the improved time on station or survivability. After the subsystems
were upgraded, they were integrated together intc a ship operated '
from a set of central control conscles. ;
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The new generation SSBN concept developed in the study hLas two char- ;
acteristics which make it significantly different from an existing y
submarine. First, the functional requirements of existing SSBNs are
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achieved primarily through the application of the manual actions of
a dispersed crew with information transferred verbally from man to
man. The new generation SSBN would have man commanding computers
from a central cousocle location. The computers would then operate
the designated subsystems and report data back to the operator in
essentially the same mode of man/machine interaction which has been
successfully demonstrated in space programs including Skylab, Space
Shuttle, and Viking.

The second characteristic is the way in which reliability is achieved.
The Viking program will serve as an example. Clearly, there could be
no servicing of equipment for the one-year flight time, nor during
time on the planet Mars. Reliability on Viking was achieved by making
the elaments of the subsystems redundant and having computers (them-
selves redundant) continuously monitor the health of each element.

In this way the computers removed elements about to go bad and re-
placed them with their redundant counterparts. This concept of re-
dundancy was applied to the restructuring of the subsystems within
the strategic submarine. Options of ways to implement redundancy

are discussed in Appendix I.

In developing the concept for the new generation SSBN, the systems
were first designed to optimally meet the functional requirements
followed by determination of the crew requirements to operate the
systems, rather than having a given crew size determine the degree

of mechanization and automation of submarine systems. To implement
the new concept standard Navy hardware, computers, and microprocessors
were evaluated and found to be sufficient to meet most of the design
goals. “oncomitant technology recommendations and advances are de-
lineated in the Conclusions and Recommendations section of this report.

Finally, it was recommended that development of the new concept be
implemented in a series of steps beginning with a functional mockup.

I-2
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INTRODUCTION

OBJECTIVE

The objective of the study was to evaluate and demonstrate the applic-
ability of advanced aerospace technologies to the development of a
conceptual design for the next generation of strategic submarines.

The study was undertaken to evaluate not only the applicability of
aerospace technologies but also to determine whether or not such
application could result in improved performance and improved satis-
faction of SSBN functional requirements over and above those which

are currently achieved on ccatemporary strategic submarines.

The emphasis in the study was on how the concept of man/machine
interactive systems employed so successfully on Skylab (and to be
used on the Space Shuttle) could be applied to strategic submarines.
In these space systems, the man commands several computers ezch of
which can: (1) serve as the intelligence element of several servo
mechanism loops; (2) gather, process, format and present data; and
(3) keep track of the health of hardware. Ia the space application,
relatively few men efficiently controlled all the systems of a vastly
complex spacecraft. Another aerospace technology which appeared to
have merit for submarine application was the concept of achieving the
reliability necessary for long-life (unserviced) operation through
computer-controlled subsystem failure detectioan, isclation and redun-
dancy switching. This concept worked perfectly on Viking (and other
spacecraft) enabling every system on board to operate for more than
a vear.

An additional objective of the study was to evaluate economic impact
of implementing these teéhnologies in the development of the new
generation of strategic submarines--specifically, to determine if the
application would reduce future development and operational costs and
to delineate the comparative cost advantages and disadvantages by
system and crew impacts.

APPROACH

The study approech is illustrated in Figure IT-B-1. Five major study
tasks were involved. Thes2 tasks are briefly discussed below with
detailed discussione of the analysis and development approaches pre-
sent.ed as applicable in subsequent sections of the report.

II-1
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Functional Analvsis

In order to conduct the study in a meaningful manner, it was necessary
to first perform a detailed functional analysis of an existing stra-
tegic submarine performing nominal and non-nominal eveclutions. The

640 class SSBN was selected as the baseline strategic submarine at the
suggestion of ARPA and NUSC. The baseline strategic submarine was
evaluated in terms of the subsystems shown in Table II-B-1 and detailed
functional analyses of these subsystems and the ships crew were per-
formed. These data served as the baseline point-of-departure for the
development of a conceptual design for the next generation SSBN.

Degrees of Mechanization and Selection Criteria

Five degrees of mechanization were identified ranging from activities
which are totally manual to those which are performed completely by
computers acting on their own. Figure II-B-2 provides a general des-
cription of the five levels of mechanization (by column) and examples
of how various activities are accomplished among the five levels.

The current level of mechanization of the elements comprising the
baseline submarine subsystems was approximated. Five selection cri-
teria were developed to determine the value of advancing any subsys-
tem element. The decision to move any subsystem element from where

it 1s now to a higher level of mechanization was based on the selection
criteria value and integration into a total ship. The five selection
criteria and elements of evaluation are summarized in Table II-B-2.

Application of Selection Criteria and Crew Size Determination

The selection criteria were .Jeveloped by the functional analyses and
assessment of the SSBN mission. Each selection criteria was compared
to the other to determine its relative value. The increased mechan-
ization of any system or function was determined by the gain, or loss,
obtained as a result and the necessary integration of the systems to
ensure an operable weapons platform. A crew structure was then con-
structed to support normal, abnormal, and infrequent situations which
may devalop.

Economic Analysis

A detailed economic analysis which priced the hardware and software
to implement the design was estimated as necessary. In order to per-
form this costing analysis, a strawman hardware and software concept
using off-the-shelf Navy equipment configured to embody the necessary
redundancy to achieve extended time on station was developed. The

I1-3
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Table II-B-1 Submarine Systems Investigated

e Ship Control
o Engineering Plant
® Auxiliary Services

e Navigation

o External Communications
- e Sonar and ECM

o Defensive Weapons

e Strategic Weapons

g LR

¢ Human Habitability and Environmental Control

e C(Casualty and Damage Control

i P DT YT T

i uo ey ey S aw

concept was altered away from optimum in both equipment and crew size
and a cost sensitivity analysis was performed.

Ty T T e A R R s R

E 5. Recommendations for Future Work

: The study culminated in a concept that appears to be valid and bene-
- ficial. A course of future study and development involving valida-
tion of principal elements of the concept by means of a low cost
functional mockup is recommended.

IT=4
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o ‘ Table II-B-2 Selection Criteria

CRITERIA

EVALUATED IN TERMS OF:

LRI AT,

1. Decrease Cost

Costs of design, construction, testing and
1ifetime maintenance.

?. Increased Availabiiity

Improved strategic weapon and navigation
subsystem operation.

Improved communications.
Improved command and control.
Reduced refit time.

Increased reliability.
Improved operating cycles.

3. Reduced Crew Size

Reduced control stations locations.
Reduced maintenance requirements.
Decreased life cycle costs.

More effective personnel usage.
Improved operaticnal capabiiity.
Reduced in-port support.

4., Increased Survivability

b e .

Reduced own-ship detectability.
Improved cevert escape capability.
Improved tactical weapon capability.
Improved contact detection capability.
Automated contact analysis.

Improved reaction time.

Improved Operability

on
LY

Technology availability.
Improved ship's safety.

Using computers to perform status, record-
keeping, and maintenance evaluation.

Reduced human error potential.

I1-6
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ITI. RESULTS

% A. FUNCTIONAL ANALYSES

i The results of a systems engineering analysis of an existing flecet :

s ballistic missile zubmarine are presented in this section of the 5

L report. The purpose of the analyses was to providz a detailed under- :
J standing of the manner in which various submarine subsystems and the

crew interact to accomplish the mission objectives of an operatiocnal

SSBN. These data served as the reference for establishing a baseline

set of functienal requirements for the new generation SSBN.

The approach used in performing the analysis was to first categorize

) the operations performed within the submarine into furctional divi-

3 sions. Each of these functional divisions was then designated a sub-
b system and che hardware elements within the baseline submarine were

: sorted into their applicable subsystem. The SSBN 640 class submarine
equipment was used because of the availability of previous operational
nistory and characteristics.

Two interrelated types of functional analyses were performed. One

3 type involved an analysis of the basic SSBN operational subsystems;

] the cmphasis in this analysis was on systems and associated equip-

: ment elements and their operational characteristics under normal and
emergen :y condi:ions. The other type of functional analysis was di-
rected “o a deliaeation of crew furctions, operations, and activi-
ties required c¢o operate the SSBN. Obvivusly, the two types of func-
‘ tions are interdependent--they have been saparated for purposes of

- discussion only. The system and elemcat functional analyses are pre-
sented ‘n Section 1 and the crew fuactional analyses are presented

in Sectioa 2 below.

The dato develuped in the functional analysis was used in the develor-
ment of the coucept for the new generation of strategic submarine.
Within the ‘echnical analysis section of the report, each current
SSBN 640 system (element) was evaluated in relation to integrated
subsystem operation to determine its functional necessity to the "new

generation submarine."

1. System and Element Functional Analyses

The operational functions of our baseliie submarine's subsystems were

analyzed under normal and emergency cruise conditions and when the

ship is submerging and surfacing. To support this analysils, data

were o.tained by reviewing available Naval documentation, through re-

tired 1d active duty Naval personnel experienced directly with stra-
- - tegic -ibmarines, and Martin Marietta engineering staff personnel.

IIT-1
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The subsystems were thoroughly evaluated to establish functional
commonalities, interrelationships, and independence. The ten
subsystems identified are listed in Table ITI-A-1. Functional
analyses within each of the subsystems listed were performed.
The results are presented below.

Table III-A-1 Subsgystem Categories

SUBSYSTEMS

a) Ship Control

b) Engineering Plant

c) Auxiliary

1 d) Navigation

e) External Commur® ations

f) Sonar and Electronic Countermeasures

g) Defensive Weapons

h)‘ Strategic Weapons

T RART P T

i) Habitability

j) Casualty and Damage Control

a. Ship Control - The ship gontrol stbsystem consists of system
elements required to perform and maintain four submarine operational
functions under nowmal and emergency conditions. The four operational
functions are--1) submerging, Z2) surfacing, 3) buoyancy control, and
4) steering and diving. .

T L S T S U S Vi PPy S N R TR e N TR v S S

1) Submerging - The capability to submerge the ship from a sur-
face~floating condition requires that the "Rig for Dive' prerequisite ;
checklist is completed and the operation is accomplished by flooding :
the main ballast tanks (MBT) with sea water through the open flood
ports in the bottom of each tank and venting the air at the top of
each tank. The major system elements required to accomplish this
operation and the related functions of each are presented in Table
IT1I-A-2, aad functionally illustrated in Figure III-A-..

III-2
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2) Surfucing - Surfacing a submerged submarine is normally
initiated at periscope depth by using compressed air to blow the
sea water out of the main ballast tanks. The surfacing is accom-
plished by any one of three methods--normal blowing, emergency
blowing, low pressure blowing. The system elements and the func-
tions for each of these operations are listed in Table II1I-A-2,
and the functional interrelationships are presented in Figure ITI-A-2.

3) Buoyancy - The overall buoyancy of the ship is controlled
either by pumping water overboard, or by flcoding water into a depth
control tank and then pumping it to a variable ballast tank to main-
tain the desired trim. In conjunction with the trim control, the
hovering sequence performs accurate depth control by rapidly moving
ballast sea water between the sea and the two depth control tanks
(DCT).

The major system elements and functions for the trim control and
hovering sequence are presented in Table III-A~2 and are represented
pictorially in Figure III-A-3.

4) Steering and Diving - The steering and diving system provides
the longitudinal stability and control of the ship by the hull,
fixed stern stabilizers, and movable control planes. The system pro-
vides contiol of the rudder and diving planes under normal and emer-
gency conditions. An automatic steering and diving system, Conalog,
can also be used to control the rudder and diving planes.

The principal system elements and respective functions are listed
in Table II1I-A-2, and the functional flow of these elements 1s illus-
trated in Figure III-A-4.

b. Engineering Plant - This subsystem consists of rumerous in-
dividual propulsion, clectrical, steam-flow, and auxiliary support
systems and equipment. It is difficult to analyze the subsystem as
a single entity; therefore it has been subdivided into che two sys-
tems--Ship Propulsion and Steam-~-Feed Flow.

1) Ship Propulsion - This system provides the forward or reverse
propulsive force of the ship, and the generation of electrical peower.
The primary system elements that comprise the Ship Propulsion System
are presented in Table III-A-3, along with the specific functions of

each, Figure III-A-5 illustrates the functional flow for this system.

ITI-3
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2) Steam-Feed Flow - This system provides the means to distri-
bute the steam to the steam-operated equipment and to return the con-
densate as a feed water supply to the steam generator. Analyzing

‘this system provided a thorough understanding of the major system

elements that comprise this system. Table III-A-3 presents the re-
sults of this analysis, and Figure III-A-6 illustrates the functional
interacts of each element.

¢. Auxiliary Subsystem - The Auxiliary Subsystem, like the En-
gineering Plant subsystem, is composed of many individual systems and
equipment. The subsysten was subdivided into systems in a similar
manner as discussed for Ship Control and Engineering Plant. The
new systems classification includes--1) air conditiovning, 2) compres-
sed air, 3) crew support, and 4) equipment support.

1) Air Conditioning - The capabilities of this system are pro-
vided by three air conditioning refrigerant plants, which consist of
two vapor compression plants using the refrigerant freon (R-114) and
a Lithium Bromide (LiBr) Absorption Plant using water as the refrig-
erant.

Both plants provide the cooling media by which the varlous systems
and equipment onboard the ship are maintained within their operating
environmental conditions. This is accomplished by the circulation of
fresh water chilled by the air conditioning plants. The air condi-
tioning load placed on the operating plant(s) is determined by the re-
quirement to maintain a desired chill water supply temperature to the
elements.

The results of the functional analysis conducted on this system
are presented in Table III-A-4, and the functional flow presented in
Figure 1IT-A-7.

2) Compressed Air - The compressed air system consists of two
pressure categories--a) high pressure (4500 psig), and b) low pres-
sure systems (i.e., 700, 400, 150, 100, 85, 75, 40, and 20 psig).

(a) High Pressure Air - The main function of the high pres-
sure system is to e .pty the MBT of water by displacement, which pro-
vides a positive buoyancy to surface.

(b) Low Pressure Air - The low pressure air systems supply
service air to numerous service air connections through the ship.
The functional flow illusuration clearly shows how the various air
pressure levels are obtained, namely through pressure reducing sta-
tions. The flow directions illustrate the following--(l) a 4500/70v
psig reducing station supplies the 700 psig air; (2) the 700 psig

IIT-4
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reducing stations provide the 150, 100, and 400 psig air; (3) the

100 psig reducing stations provide the 40 and 20 psig air; and

(4) an alternate O% generator air system also supplies 20 psig ser-
I

vice air. Table III-A-4 presents the functions of each of these
alr supplies, and Figure III-A-8 illustrates the functional flow.

3) C(Crew Support System - The Crew Support System as we have de-
fined has the capability to support the crew's life aboard the sub-
marine excluding the habitability provision which is discussed under
the Habitability subsystem.

The system elements that comprise the Crew Support Syscem are
tabulated on Table III-A-4 and are illustrated in functional form in
Figure III-A-9.

4) Equipment Support System - This system provides the auxiliary
equipment essential for submarine operations. The system elements in-
cluded under this system are presented on Table III-A-4, and the func-
tional flow of these elements is presented in Figure III-A-10.

d. Navigation Subsystem - The Navigation Subsystem performs and
determines the submarine position, attitude and velocity information
necessary to support the missile fire control system and conventional
navigation. The system elements that comprise this subsystem are
listed in Table III-A-5, and their functional flow i5 illustrated in
Figure III-A-11.

e. External Communications Subsystem - This subsystem provides
the capability to transmit and receive radio frequency messages over
the desired frequency range. It also provides the capability for
desired security and typed message copies. Table III-A-6 presents
a detalled listing of the system elements and their functions as ap-
plied to this study. Figure III-A-12 illustrates the functional flow
of the elements. '

f. Sonar and Electronic Countermeasures Subsystem - The Sonar and
Electronlc Countermeasures (ECM; subsystem regspectively provides acous-
tic information, and electromagnetic information necessary to ensure
survivability during the ship's mission for any defeunse condition.

The compiuaxity of this subsystem warranted subdividing the sub-
system into the Sonar Group and ECM Group. The system elements of
each of these systams are presented on Table III-A-7, and t*e func-
tional illustrations ars presented in Figure III-A-13 for Sonar, and
Figure III-A-14 for ECM.

ITI-5
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g. Defensive Weapons Subsystem - This subsystem provides all
the essential systems and equipment to support the capability to
fire torpedos as a defensive or offensive action. This subsystem
consists of the principal system elements identified in Tahle III-4-8,
an¢ the functional flow is presented in Filgure I1I1-A-15.

h. Strategic Weapons Subsystem - The Strategic Weapons Subsystem
is defined as that system and equipment consisting of ballistic mis-
siles and supporting systems required to provide a major deterrent
against attack by any agressor, and to provide a rapid retaliatory
action in the event of enemy aggression. The system elements in-
volved in this subsystem are depicted in Table III-A-9, and func-
tionally illustrated in Figure III-A-16.

i. Habitability Subsystem - The Habitability Subsystem as eval-
uated consists of two systems--1) life support, and 2) waste manage-
ment.

1) Life Support System - This system provides the capability to
support human life under normal and casuvalty situations for prolonged
submerged periods. Also, provisions are available for instrumentation
essential in analyzing the atmosphere concentrations and the hydrocar-
bon coataminants.

2) VWaste Management System - This system provides the means for 3
disposal of waste products generated onboard the ship while being i
submerged.

The system elements for the two systems listed above are presen-
ted in Table III-A-10, and the functional interacts of each system
are illustrated in Figure III-A-17.

j. Casualty and Damage Control Subsystem - The Casualty and
Damage Subsystem provides the capability to prevent and limit casual-
¥ ties from occurring, and to enable immediate corrective action to be
| & taken by the crew. Also, the capability to minimize, maintain,
repair, and rzacover from any casualty situation through quick and
effective action by the crew is provided.

e Motk s [

, The system elements comprised in this subsystem are tabulated in
1 Table III-A-11.
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Table ITI-A-2 System (Element) Functional Analysie Resulte--Ship
~ - Control Subsystem

SYSTEM (ELEMENT)

FUNCTION

A. Submerging

. 1. Main Ballast Tank (MBT)
f Vents
; 2. Electro-Hydraulic Vent
. Control Valves
. 3. Vent Valve Position
Indicator
% 4, Hull Openings

5. ‘Electro-Hydraulic Hull
Opening Valves

6. Hull Opening Valve
Position Indicators

& LRt

s e WS TR

7. Hatches

8. Hatches Shut Indica-
tors

9. Ballest Control Panel

B. Surfacing
1. Main Ballast Tanks

Provide the capability to flood the
MBTs for submerging.

Provide the means to actuate MBT
valves to control MBT venting.

Provide indicator Tights to display
MBT vent valve position (open or
closed).

Provide the means to access or exit
through the hull excluding personnel
access. (ie. sea water, missiles,
etc.)

Provide the remote control capabil-
ities to actuate valves with manual
provisions.

Provides open or shut indications on
desired hull openings (maybe electri-
cal or mechanical, local or remote).

Provide openings normally used for
personnel access to the ship.

Provide electrical open or shut in-
dications on the Baliast Control
Panel

Provides the primary control station
for changing the buoyancy of the
ship and trimming, for submerging.

Provide the reserve buoyancy required
for surfacing.

i sl " h‘"' - -
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Table III-A-2 (Continued)

SYSTEM (ELEMENT)

FUNCTION

B.

J Y

Surfacing (Cont'd)

Normal Group Blow
Solenoid Valves

Normal Blow Indicator

Lights

Group Blow Inhibit
Solenoid Valves

List Control Indicator
Lights

Emergency Blow Valves

Emergency Blow Indi-
cator Lights

Emergency Blow Remote
Actuation Valves

Provide the capability to remotely
control the high pressure air (4500
psig) distribution to each main
ballast tank group. (Manual over-
ride capability).

Provide electrical open or shut in-
dicators to display the valve group
positions.

Provide the capability to inhibit
blowing of a selected MBT group by
solenoid operated 1ist control valves.

Provide electrical open or shut in-
dicators tc display list control
valve positions on the Ballast Con-
trol Panel.

Provide the capability to pneumati-
cally control the high pressure air
(4500 psig) supply to rapidly blow

MBTs groups in an emergency situa-

tion.

Provide electrical open or shut in-
dications of valve positions displays
on Ballast Control Panel.

Provide the capability to remotely
control the emergency blow valves.

ST VR S N PP RE I

ITI-8

R R R R N o o T e

ek &t i a8




FEETGY b TINT IROLIAR TS KT T TN e
aidklon. simnan e LT U ,._31

3

t Table III-A-2 (Continued) g

SYSTEM (ELEMENT) FUNCTION

B. Surfacing (Cont'd)

9. Low Pressure Blower o Provides the capability to control

Controller the speed, fast or slow, of the Low
Pressure Biower motor and an emer-
gency stop.

10. Low Pressure Blower e Provide lighted indicators to display k
Displays motor run, slow or fast speed motor :

operations.

11. Isolation and Low e Provide the capability to control the :
Pressure Blow Header Low Pressure air supply to blow MBTs. /
Valves g

12. Low Pressure Blower e Provides the capability to exhaust

stale air from the ship when the ship
is surfaced or at periscope depth.

C. Buoyancy (Trim Control &

i Hovering)
1. Sea Valve e Provides the means to isolate sea
pressure from the trim main piping.
2. Trim Pump | @ Provides the capability to transfer

‘water from one tank to the trimdis- [ -~ - —
charge w2in for discharge into
another tank, for auxiliary use
throughout the ship or to sea.

3. Trim Pump Controller e Provides the capability to control
the pump speed in order to vary its
pumping rate.

4. Trim Pump Discharge v Provides the selection of directing
and Sea Connection the trim pump discharge "to sea" or
Control Valves to the trim discharge main (another

variable ballast tank).

5. Variable Ballast Tanks| e Provide a means to ballast water in
order to control the trim and buoy-
ancy of the ship.

IIT-9




PR 2N
N

TN RN o W M OGS L - IS -

v

Table YIT-A-2 (Continued)

SYSTEM (ELEMENT)

FUNCTION

Buoyancy (Cont'd)

6.

10.

11.

12.

13.

Trim Priming Pump

Trim Priming Pump
Controller

Flocd and Drain Yalve

Depth Control Tanks
(DCT)

Blow and Vent Valves

Air Supply Valve

Hovering and Depth
Throttle Valve

Hovering Sea Valve

Provides the capability to remove air
from the trim system piping, in order
to insure a positive s ¢{ion to the
trim pump.

The controller starts or stops the
pump motor and can be operated local-
1y or at the Ballast Control Panel.

Provide the means of isclating or
pumping water to/from its associated
tank.

Provide the weight variation during
the hovering sequence and trim evolu-
tions.

Provide the means to control the
blowing and venting of the associated
DCT.

Provides the means to pressurize
depth control tank and automatically
regulate air pressure 50 psig above
sea pressure.

Provides the capability to throttle
the flow of sea water for hovering
control; manually or automatically.

Provides positive isolation from sea
oressure.
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Table III-A-2 (Continued)

SYSTEM (ELEMENT)

FUNCTION

ff D. Steering and Diving
1. Conalog

2. Ram (Rudder)

— et -

T R A Y T 417 T M TR e

3. Power Transfer Valve

3 4. Normal Control

5. Hand Pump

P PN

6. Emergency Controf

7. Ram (Fairwater Planes)

Provides an automatic steering and
diving system to control the rudder
and diving planes (cannot control
buoyancy).

Provides the means to position the
rudder by a hydraulically actuated
ram L]

Provides the means to select either
main hydraulic 0i1 (normal control)
or vital hydraulic oi! pressure

(emergency control) to move the ram.

Provides a supply of main hydraulic
oil pressure to move the associated
control surface plane in the desired
direction under proportional control.
Transfer to emergency control is man-
ually or automatically initiated.

Provides the means to generate
hydraulic oil pressure to move the
rudder when the normal supply of
hydraulic oil pressure is not avail-

able.

Provides a supply of vital hydraulic
o1l pressure to move the associated
control surface plane in the desired
directions under rate control trans-
fer to normal control is manually
initiated.

Provides the means to position the
fairwater planes by a hydraulically
actuated ram.

ITI-11
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i Table ITI-A-2 (Concluded)

SYSTEM (ELEMENT)

FUNCTION

i?
B
&
&
1y
&

a5
5

%!
AN
B

v

D. Steering and Diving (cont'd)

rram.

TR

9. Hand Pumps (individual
units for Fairwater and
stern planes)

e
&

L U

T T T N R e TR M LT SRR O TR e e e

8. Ram (Stern Planes) |0 Provides means to position the stern
planes by a hydraulically actuated

L Provides the means to generate hy-
draulic oil pressure to move either
the stern or fairwater planes when
the normal supply of hydraulic oil
pressure is not available.
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Table III-A-3 Syatem (Element) Fumetional Analysis Results--Engineering

SYSTEM (ELEMENT)

FUNCTION

A. Ship Propulsion

o 1. Propulsion Turbines

2. Reduction Gear

3. Propulsion Clutch

4, .Shaft Seal

B AT ) T

S T 5. Shaft Lube 0i1

6. Main Lube 011

7. Lube 011 Transfer

8. Ship Service Turbine
Generators (SSTG)

Develop the ship's primary propulsive
power through the interconnected
drive train.

Permits the propulsion turbines to
operate at thelr most efficient
higher speeds while the prcpeller may
operate at its most efficient Tower
speed. Also provides the connection
of two main propulsion turbines to
one main shaft and propeller.

Provides the capability to either
connect or disconnect reduction gear

from the propeller shaft.

Provides a seal around main shaft to
prevent inward seepage of sea water.

Provides the capability to supply oil
to the clutch control oil system and
to lubricate main shaft components
and bearings.

Provides pressurized control oil
supply for the main propulsion tur-
bines and a source of lubrication
0il for the turbines and the reduc-
tion gear.

Provides the capability to transfer
and centrifugally purify lubricating
011 between storage tanks and lube
oil sumps.

Supply the ship's AC power for dis-
tribution (two for redundancy).
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Table III-A-3 (Continued)

TR 4 T il LI R T
R T A RS N T P TET

3 SYSTEM (ELEMENT) FUNCTION
1 ?g' A. Ship Propulsion (cont'd)
Q' fél 9. SSTG Throttle Valves e Provide frequency control of the
? L ship's service turbine generators,
b startup and shutdown of the turbines.
Lo
: 10. SSTG Lube 011 e Provides the capability to supply

control o0il to the turbine throttle
and govenor valves and to Tubricate
the turbine and generator bearings.

11. Emergency Propulsion e Provides a means for secondary

Motor (emergency) propulsive power when
the propulsion turbines are not used
or operating.

12. RPM Transmitter e Provides indication of propeller
shaft speed and total revolution
count locally and at th: steam con-
trol panel.

T TR R Y MO T TR T T SIS

13. Diesel Generator e Provides an auxiliary supply of
electrical power and an alternate
means of exhausting contam’aated or
stale air from the submarine.

14. Ship Service Motor e Provide a normal source of DC power
(battery is alternate) or an alter- i
. nat§ source of AC prwer (SSTG is nor-
. mal).

15. SSMG Excitation Con- |e Provides a means to control the SSMG
trol to select operation as either an AC
or DC generator.

16. Battery e Provides an emergency source of OC
power to the vital equipment neces-
sary to support minimal ship opera-
tion (ie. EPM, lube o0il, trim and
drain, SSMG to produce limited AC
power).

39
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Table III-A-3 (Continuad)

SYSTEM (ELEMENT)

FUNCTION

A. Ship Propulsion (cont'd)

17. Secondary Propulsion
Motor (SPM)

18. 'Temperature Monitoring

19. Main Electrical Dis-
tribution Bus

B. Steam-Feed Flow

—

. 'Main Steam

2. Auxiliary Steam

w

fondenser

4. Air Ejectors

Provides a propulsion source to as-
sist in restricted ship maneuvers
and may also provide a very limited
backup propulsion source.

Provide remote indication, continu-
ous monitoring and alarm of equipment
temperatures at critical points.

Provides the manual and automatic
switch gear for control, redundancy,
protection and distribution of
electrical power.

Provides the means to distribute
steam from the source (steam gener-
ators) to those elements using high
pressure steam (ie. SSTG, auxiliary
steam reducer stations, main propul-
sion turbines).

Provide the means to reduce and dis-
tribute steam for auxiliary use (ie.
air ejectors, evaporator, lithium
bromide air conditioner, lube 0il
stowage heaters).

Provides a means to condense ex-
hausted steam and to collect it in
a hotwell at the bottom of the con-
denser.

Provide the capability to remove
noncondensable gases from the main
condenser.
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Table III-A-3 (Comtinued)

SYSTEM (ELEMENT)

FUNCTION

B. Steam-Feed Flow

5. Condensate Punps

6. Feed Pumps

7. Feed Regulator Valve

8. Steam Generabor Water
Level Control

9. Water Chemistry

10. Surge Tank

11. H‘gh Pressure Drains

12. Drain Valves

Provide the capability to provide a
postitive suction pressure head to the
feed pump suction.

Provide a means to transfer water
from the condensate header to the
feed main at sufficient pressure to
feed the steam generators.

Provides the capability to control
automatically the steam generator
feed rate.

Provides an automatic or manuai con-
trol of the feed regulator valve in
order to parmit a constant water mass
or lTevel within the steam generator.

Provides steam generator water treat-
ment chemical concentration deter-
mination and addition to prevent
corrosion or reduced oxygen content.

Provides the capability to absorb
surges of condensate when feed water
demands change and to determine the
requirement for make-up feed water
addition.

Provide the capability to remove
condensation from steam piping in
order to prevent piping errosicn or
possible downstream element damage.

Provide the capability to manually
or automatically drain condensation
without passing steam.
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Table ITT-A-3 (Coneluded)

SYSTEM (ELEMENT) FUNCTION ég

B. Steam-Feed Flow (Cont'd)

13. Low Pressure Drains ® Provides the capability to automati-
cally drain the condensation from
the lower pressure steam lines. : i

14. Hotwell Level Control ® Provides an automatic control of the 1
‘ variable speed condensate pumps. The
pump speed is varied in order to at- 3
tempt to maintain a desired hotwell '
level range. This ensures a minimum
pump suction pressure and prevention
of condenser flooding.

 Foh ikt it e

15. Sea Water Cooling e Provides control of the transport
media (sea water cooling) to form
condensate from turbine exhaust
steam and remove heat from various
Engineering Plant Elements.

16. Auxiliary Fresh Water @ Provides the canability to supply a

Cooling cooling media (fresh water) to main,
shaft, and ship service turbine aen-
erator lube 0il coolers, air coolers :
(SSTG, EPM, SSMA), high pressure air |
compressors, and hydraulic oil cool- -
ers (main and vital). b
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Table IIT-A-4 System (Element) Functional Analysis

Results - Auxiliary Subsystem

SYSTEM (ELEMENT)

FUNCTION

Air

Conditioning

Refrigerant Vapor Com-
pression Plants (R-114)

Lithium Bromide Absorp-
tion Units

Air Conditioning
Chilled Water

Pumps (Chilled Water)

Air Conditioning Sea
Water

Pumps (Sea Water)

Compressed Air

Provide refrigeration to reduce chil-
led water temperature as required to
control equipment or atmosphere tem-
peratures.

Provides alternate refrigeration
capability.

Provides the cooling media (water)
which is circulated to maintain a
suitable atmosphere for eauipment
and the comfort of the crew.

Provide the pressure to circulate
chilled water.

Provides the cooling media (sea water)
which removes the heat from the air
conditioning plants.

Provide the pressure to circulate
sea water.

Provide the capabilitv to store and
supply high pressure air (4500 psia).

Provides individual air bank isolation
capability.

Provides the means to compress air to
high pressure.

Provides the capabiiity to supplv
service air (700 psig) to the header
for distribution to ship's equipment
(i.e., hovering, sanitary tanks, es-
cape trunks, etc).

Provides the capability to supply ser-
vice air (150 psia) to torpedo room
and to several ship's applications
(i.e., fuel oil tanks, ventilation
head valve operation, etc)

1. High Pressure Air Banks

2. Air Bank Stop Valve

3. High Pressure Air
Compressors

4. Low Pressure Air (700
psig)

5. Low Pressure Air (150
psig)
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Table III-A-4 (Continued)

SYSTEM (ELEMENT)

FUNCTION

C.

Comrressed Air (Cont'd)

6.

10.

11.

Low Pressure Air (100
psig)

Low Pressure Air (400
psig)

Low Pressure Air {40
psig)

Low Pressure Air (20
psig)
Low Pressurce Air (75
psig)

Control Air Compressors

Crew Support

1.

Refrigerant Plants

Thermostat Controls

Refrigerant Compressor

Electrical Distiliing
Unit

Provides the capability to supply
service air (100 psig) to the header
for distribution to ships equipment
(i.e., emergency air breathing, emer-
gency SSTG Tube 0il drive, service
air, etc).

Provide the capability to supply air
to the torpedo tube firing system.

Provides the capability to supply
air to the potable water system.

Provides the air supply for operating
control and sensor devices, primarily
ventilation and air conditioning.

Provides an alternate air source for
0o generator control.

Provide the means to pressurize air
for a normal source for 0, generator
control.

Provides the capability to supnly re-
frigeration to each of the ship's
chilled stores, frozen food storage,
and miscellaneous refrigeration units.

Provide the capability to convert
temperature measurements into air
pressure signals to control overall
refrigeration plant operation.

Provides the means to pressurize the
refrigerant (Freon 12).

Provides an alternate means to convert
sea water to fresh wacter to support
ship and crew operation.
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Table III-A-4 (Comeluded)

SYSTEM (ELEMENT)

FUNCTION

C. Crew Support (Cont'd)

5. Steam Evaporator

6. Salinity Cell

D. Eaquipment Support

1. Main Hydraulic System

2. Vital Hydrauiic System

3. External Hydraulic
System

4. Ele~tronic Cooling

System

5. Fuel 0i1 and Compensa-
ting Water

6. Anchor Control

7. Capstan

Provides the primary means to convest
sea water to fresh water.

Provides the capability to monitor
fresh water for salinity purity (con-
tinuity).

Provides the capability to supply
hydraulic oil pressure to the majority
of the hydraulically operated equip-
ment throughout the ship.

Provides hydraulic 0il pressure to
"vital" hydraulicallv-operated eouin-
ment throughout the ship.

Provides the capability to supply
hydraulic oil pressure to equipment
actuators exposed to sea water pres-
sure (antennas, periscopes, masts,
and snorkel masts).

Provides the capability tc distribute
fresh water to cool electronic compon-
ents.

Provides the ciapability to renlace
uced fuel oil with sea water and
maintain a system pressure by either
water or air.

Provides the means to secure, release,
and raise the anchor.

Provides the capability to utilize
mooring lines to move the ship as de-
sired while next to the pier or wharf.
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Table III-A-5 System (Element) Funetioral Analysis Results -

Navigation Subsystem

SYSTEM (ELEMENT) '

FUNCTION

[4y}

10.

11.

12.

13.

Gyro Compass (MK-19) °

Dead Reckoning Analyzer °
Indicator (DRAI)

Electromagnetic Log °

Dummy Log [

Central Navigation Com- s
put~r (CNC)

D/D Converter (]
A/D Converter .

Magnetic Tape Unit (MTU) )

Multispeed Repeaters (MSR)| o

Navigation Switchboards °
NSB?

Computer Writer Adapter (]
(CWA)

Navigation Control Console| ®
(NCC)

Navigation Operational [
Checkout Console (NOCC)

Provides a heading indication to steer
the ship (in addition to the inertial
navigation system).

Provides 2 summation of ship movement
in both eas*-west and north-south di-
rections.

Provides a shib velocity indication.

Provides the capability to simulate
desired ship velocity indications.

L

(3N

Darasun wnalw
I\C\'CIVC, ul.u.J

dations based o
mation inputs.

'V! AATMAaNn

c C\-Cluun.n
ional infor-

~ nA
<y na
n vi

nav g t

Transmits digital-to-digital informa-
tion to and from the CNC.

Transmits analog-to-digital informa-
tion to and from the CNC.

Provides data input to the CNC and
provides recording capability through
the CNC.

Transmits analog data for the missiles
(ro11, pitch, and heading).

Provides automatic or remote switching
capability for desired navigational
information.

Provides the capability to adapt sig-
nals from the CNC in order to provide
an alternate method of recording data.

Provide a central control console for
input to and cutput of the CNC.

Provides a central console to simulate
test signals for checking various navi-
gation subsystem equipment.
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Table IIT-A-5 (Coneluded)

SYSTEM (ELEMENT)

FUNCTION

14.

SR o G s i i o M ¥

15.

SACERIR O e §

| BT, SR SN AT Y

16.

agEs

[EE S ENPES o iR

[ S Y VR .

17.

Satellite Fix Equipment
(AN/BRN-3)

Radio ﬁnvigarwan Fix
Equipment “xit/5RN-5)

Ocean Bottom Navigational
Fix Equipment (AN/BQN-3)

3
n

Inertial Na
Equipment {

vigation
cTate )
QLN

Provides the capability to obtain
navigational fix information trans-
mitted by satellite.

Provides the capability to obtain
navigational fix information trans-
mitted by ground based stations.

Provides the capability to obtain
navigational fix information by ocean
bottom comparison.

.|

Provides compute
navigation piatt

controlled inertial
ms

r
orms.
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’ Table ITI-A-6 System (Element) Functional Analycis
N - Results - Extermal Communications

. Subsystem
f SYSTEM (ELEMENT) FUNCTION
@ 1. Transmitter (AN/WTR-4) ® Provides high power transmission capa-

bility within the MF and HF ranges.

2. Transceiver (AN/SRC-20) ® Provides transmitter and receiver capa-
bilities within the UHF range. Used
for harbor control. 3

receiver capabilities within the MF and ;

j t 3. Transceiver (AN/URC-32) ¢ Provides medium power transmitter and
; | HF ranges.

Oy e A A P T R TR L N TR T

4. Receivers (AN/WRR-3 and ® Provides redundant receiver capabilities
AN/BRR-3) within the VLF range.

Receivers (R-1051) ® Provides redundant receiver capabilities ]
within the MF and HF ranges.

TR TR ST M
o

6. Security Equipment ¢ Provides message security through auto-
: matic or manual encryption and decryp-
tion.

eilios 2

Radio Telephone e Provides the capability to use hand
phones and/or speakers for voice communi-
cations from local or remote control
stations.

e d
~d
.

8. Teletype e Provides the capability to obtain a
typewriiten copy of desired messages.

[ VR

9. Multicoupler (AN/BRA-iG} ® Provides controlled switching of com-
munications input/output devices.

10. Receiver (AN/UKR-44) ® Provides radio reception for ships crew
entertainnent.

e e v Ao A R " R il KR it

11. Test Set (AN/URM-114) 8 Provides signal generation for testing ‘
capability. i

T A e SR e e

o

12. Tape Recorder (RD-219) @ Provides the capahility to record re-
ceived voice and CW messages.

13. Antennas ¢ Provides a normal alternate, or ener-
"gency antenna, which can be used throuahy
out the freauency range of euach piec=

of communications equipment and the
means for contirol of those antennas.
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!:-*' Table III-A-7? System (Element) Functional Analysis Results -
Sonar/ECM Subsystem

‘ SYSTEM (ELEMENT) FUNCTION

A. Sonar

1. Passive Snnar (AN/BQR o Provides wide frequency band passive
-2) Cylindrical Array reception of any characteristic sound
change in the surrounding water.

2. Active Sonar (AN/BQS-4) | e Provides the capability for detection
of a reflected sound pulse (echo

ranging). :

3. Passive Sonar e Provides an alternate wide frequency 5
(AN/BQS-7) . band passive reception of any charac- ]
teristic sound change in the surround- i

ing water. 3

4, Passive Sonar (AN/BQR e Provides wide requency band passive

-15) Trailing Array reception of any characteristic sound
change in the surrounding water. Ar-
ray loca“ion provides contact detec-
tion behind the submarine and addi-
tional target motion analysis tech-
nique availability.

5. Passive Sonar ® Provides the capability to monitor

(AN/BQR-20) selected narrow frequency bands which
aid in contact classification. Other
passive sonar arrays are used to ob-
tain this signal.

e S e s A s e T e aa "

e Do e

iz, e

ppe

6. Passive Sonar (AN/BOR e Provides a sonar search above a thermal
-19, Overhead Array level within the water. Increases ship
safety when changing to periscope depth.

[T PP SR

7. Sonar Performance Com- | @ Provides physical informatian which
puter (AN/BQA-8) indicates the sonar capabilities with-
in local waters. :

8. Sonar/ECM (AN/WLR-9) ¢ Provides a dedicated sonar to detect :
and alarm on reception of a charac- ?
teristic "threat" sonar. :

9. Fathometer (AN/UQN-1) ® Provides the capability to determine
water depth under the ship.
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Table III-A-7 (Continued)

SYSTEM (ELEMENT)

FUNCTION

A.

Sonar (Cont'd)

10.

11.

-
n

13.

14.

15.

ECH

Underwater Te]ephone'
(AN/WOC-1)

Sonar Contact Parameter

Idgntification (AN/BQOD
-3

Sound Velocity Profile

(AN/BQH-1)

Bearing Time Recorders

Tage Recorder (AN/UNC
-7

Emergency Underwater
Telephone

Radar

ECM Equipnient
(AN/WLR-1)

ECM Equipment
(AN/BLR-10)

Provides the capability to communicate

(voice or CW) outside of the ship
using water as the transfer medium.

Provides the capability to modulate
the wide frequency band to determine
sonar contact parameters such as the
number of propeller blades or the
number of propellers.

Provides the capahility to determine
water density changes in relation to
water depth.

Provides an automatic hard copy dis-
play of continuous contact bearings
in relation to time.

Provices a continuous record of oral
sonar receptions, communications,
and operator evaluations of contacts.

Provides an emergency method of under-

water communications exterior to the
ship. Transmitter/receiver sets are
at both ends of the ship.

Provides a Timited surface search and
navigational radar capability.

Provides the capability to search re-
quired frequency baris for electro-
magnetic transmissions and identify
the electronic characteristics of any
received signal to allow possible
source identification.

Provides a fast automatic search of

the higher frequency bands for electro-

magnetic transmissions which are of
the greatest threat toward detection.
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Table III-A-7 (Concluded)

SYSTEM (ELEMENT) FUNCTION
B. ECM (Cont'd)

4. Microwave Intercept ® Provides early warning of possible C )

Receiver "threat" radars by use of the peri- Lo

scope as the antenna mast. This nro- :

vides less antenna exposure than the o

ECM antenna but less characteristic
information on a received signal.

5. Electronic Identifi- e Provides the capability to electron-

cation (AN/UPX-17) ically identify the ship on request.
A coded electronic reply is initiated
in response to a coded electronic re-
quest.

o e
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F - » Teble III-A-8 System (Element) Functional Analycis Results -
. F Defensive Wearons Subsystem
A SYSTEM (ELEMENT) FUNCTION
: : % 1. Torpedo Tubes ® Provide the capability to eject the
S torpedo from the ship. either by
: : water impulse or swimming out. Alsc
A provides the control tc flood or
Lk drain sea water from a tube.
S
A 2. Tarpedo o The mechanism to transport the explo-
4 X sive to the desired target.
- 3 3. Signal Ejectors ¢ Provide the capability to launch in-
S dication or decoy devices from the
3 . ship.
3 |
% ' 4. Fire Control System ¢ Provides the capability to remotely
E ; input desired torpedo control signals,
- ¥ directly or indirectly as computed by
" ; the equipment, and to initiate tor-
] pedo firing.
g | 5. Bearing-Range Indicators ® Provide the capability to display
(MK-8) ' continuous target bearing or range
‘ i information from a selected source.
) i 6. Manual Target Motion ® Prcvide information which can be
o Analysis Plots used to aid in the determination of
' the best target motion solution.
- |
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Table III-A-9 System (Element) Functional Analysis Results -
Strategie Weapons Subsystem

SYSTEM (ELEMENT) FUNCTION

1. Missile Tubes e Provide the storage and ejection
cylinder for the missiles.

s 2. Gas Generators e Provide the gas pressure necessary to
S | impulse the missile out of the tube
1 and to the water surface.
3. Missile Tube Pressuri- o Provides the capability of equalizing
zation missile tube pressure with the asso-

ciated sea pressure to permit opening
the missile tube hatch.

4. Missile Gas System ¢ Provides a source of stored nitrogen |
. ] and the capability to inert the missile ;
' tubes if desired.

5. Missile Compensation e Provides the capability to automati- !
cally compensate for the large weight
.. changes (maintain buoyancy) associa-
ted with launching a missile,

s
o
k3

6. Missile Hydraulics ¢ Provide a hydraulic source and control
valves for hydraulically operated

equipnent associated with the missile ;
tubes. -

A N I T U R YA TR T

Attach Center Indicating ¢ Prov’ ‘ds remote status indication
Panel with-- the ships control room of each
missiite and provide the capability to
grant or withdraw the caoability to
launch missiles.

R ?x R
~J

L St S N S P £

y 8. Missile Tube Temperature o Provides the capability tc measure
s | Control and control the missile tube temper-
I ature.

3 ‘ 9., Missile Tuba Dehumidifi- ¢ Provides the capability to measure
S cation the humidity, alarm, and dehumidify
each missile tube's atmosphere.

10. Optical Reference ¢ Provides the capability to transfer
position of the reference inertial
platform (navigation) to each missile.

III-43
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Table III-A-9 (Concluded)

SYSTEM (ELEMENT)

FUNCTION

11. Integrated .ita Acquisi-
tion Subsystem (IDAS)

12. Fire Control System
(MK-88)

13. Missile Test and Readiness

Equipment (MTRE)

® Provides the capability to record
pertinent subsystem data.

® Provides the capability to determine
fire control parameters, transmit
data to each missile, and control
the fire control sequence.

® Prepares and checks out missile
readiness conditions. Sequentially
performs and monitors each missile
under control of tha fire control
cystem.
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Table ITI-A-10 System (Elcment) Functional Analysis Results -

Habitability Subsystem

SYSTEM (ELEMENT)

FUNCTION

Life Support

"“\‘Y:ﬂ"""v' B L ﬂ'ﬂr\'wﬂ.‘wf"ﬁ' e M "l‘-" Laliie T YT e Y‘ 2o
< 1 haprCrY T R T R i v Y

RIS T TR A W W T T e TN AT T R

1.

Ventilation

C02 Scrubbers

02 Generators

CO/H2 Burners

02 System

Potable Water

Galley

Laundry

Atmosphere Analyzer

Provides for the recirculation of air
throughout the ship, emergency venti-
lation of any portion of the ship,
introduction of exterior air into the
confined ship's atmospnere, and an
air supply to the di=sel engine.

Provide for removal and concentration
control of carbon dioxide within the
atmosphere.

Provide for the jroduction of oxygen
to replenish that used while submer-
ged.

Provide for remcval and concentration
control of carbon monoxide, hydrogen,
and some hydrocarbons within the at-

mosphere.

Provides sterage banks and variable
regulated distribution to the atmos-
phere.

Provides the capability to store and
distribute potable water.

Provides the capability to prepare
food and maintain the necessary dining
utensils.

Provides the canability to wash and
dry Tlaundry on board ship.

Provides the capability to sample the
atmosphere of each compartment through
a central console. Provision is pro-
vided to determine the concentration
of *hose gases necessary for life sup-
port and those detrimental to life
support that may be generated on

board ship.
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{ » Table IIT-A-10 (Continued)
SYSTEM (ELEMENT) FUNCTION
A. Life Support (Ccnt'd)
10. Total Hydrocarbon ® Provides a time-related total concen-
Analyzer tration of hydrocarbons as well as

the concentration of some specific
kydrocarbons. Results and concen-
trations can be compared in a time-
related manner.

. o _

B. Waste Management

| 1. Trash Disposal Unit ® Provides the capability to dispose of
| trash in a covert manner.

2. Plumbing - Sanitary e Provide the capability to collect and
Tanks dispose of liquid and semi-liquid
waste.

!.\
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Table ITI-A-11 Syetem (Element) Functional Analysis Regults -
Casualty and Damage Control Subsystem

SYSTEM (ELEMENT)

FUNCTION

10.

Water-tight Doors and
Hatchas

Escape Trunks

Submersible Pumps

Damage Control Tools

Emergency Lighting

Fire Extinguishers

Fire Hoses

Steam Suits

Salvage Air

Internal Communications

Provide the means to isolate the
ship's compartments with water-tight
seal doors.

Provide escape exits for emergency
exit from the ship. Most of the es-
cape trunks are also used for normal
entrance and exit of equipment and
Crew.

Provide portable submersible pumps
to supply a backup method of removing
water from bilges.

Provide a set of hand tools (wrenches,
screw drivers, cutters, etc), sealing
devices (patching materials, metallic
straps, etc) for emergency or casual-
ty repairs.

Provides emergency lighting capabili-
ties for permanently mounted and
purtable units.

Provide portable fire fighting capa-
bility with COp and chemical extin-
guishers to control fires within the
capability of the extinguishers.

Provide the capability to control
large fires with sea water.

Provide heat retardant suits with
the capability for connection to an
external air supply for application

ML Tanl A
with a stcam leak casualty.

Provides the capabilities to pressur-
ize the ship's compartments from
internal air systems, and from out-
side sources.

Provide the capability for sound
powered and amplified internal voice
communications circuits.

VVVVVVVVVVVVVVVVVVV
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Table III-A-11

(Concluded)

o g T o e OPTALIATIN - G &

SYSTEM (ELEMENT)

FUNCTION

g
]
?
:
:
:
;

.
!

:

:
E

11.

12.

13.

14.

15,

16.

Emergency Air Breathing .
(EBAY

Oxygen Breathing Apparatus |
(0BA)

Lithium Hydroxide Canis- .
ters

Radiation Detection °

Messenger Buoy °

Security Buoy ¢

Provides the manifold outlets to con-
nect air hreathing masks within the
ship's compartments for emergency
atmosphere control.

Provides a portable breathing iung
which utilizes a self-contained oxygen
source (time-t1imited) for use within

a cortaminated atmosphere.

Provide a backup method to remove C02
from the shin's atmosphere.

Provides the capability to measure
air, surface, and water radiation
levels.,

Provides the capability to release a
buoy if disabled in order to identify
the ship location &nd aid in rescue

. activities.

Provides the capability to release
(manual or automatic) a casualty buoy

which will transmit a casualty message.
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Crew Functions

The crew functions, operations, and activities required to operate
the current baseline SSBN for nominal, non-nominal, and casualty
evolutions are presented in this section. The data represent

the results of an in-depth analysis of crew fuuctions on current,
operational SSBNs. The data were obtained from reviews of exictiag
Naval manuals and regulations and interviaws with active-~duty ana
retired Navy submarine command personnel.

Specific emphasis 1n these analyses was directed to evaluations 2f:
(1) specific crew member duties and responeibilities; (2) specific

crew operations required to accomplish the SSBN misslon functlons and

evolutions; and {3) the command gtructure on SSBNs including the
underway and in-port watch structure and tiie administration struc-
ture, These data served as the bLasis for determining the impact of
mechanization concepts on crew functiuns and procedures and on crew
gize digcussed in Sectior III-B.6 of the report.

The data are pvesented in three categories:

4. SSBN Watch Organizarion - A discussion of watch standei
requirements and responsitiiities, specification of underway and
in-port watch structures, and identification of personnel respon-
gibilities and organizational relationships.

b. Administrative Structure - Identification of typical SSBN
administrative structure.

c. Operaticnal Analyses - Identification of nominal SSBN mis-
sion segments and relevant Bills, and specification of crew member
command responsibilities, actions, and communication responsibil-
ities for eight major ship control Bills.
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a, The SSBN Watch Organization - The basic purposes and
reauirements for watches on naval vessuls are set forth in U. S.
Navy Regulations which state that watches are established for the
safety and proper operation of the command.

The following instructions, paraphrased from General Duties of Watch
Officer, U. S. Navy Regulations, set forth the general guides for
standards to be met by all watchstanders. Specifically each person
on watch:

e 1is responsible for the proper performance of all duties pre-
scribed fer his watch and all persons under him will be subject
to kis orders;

o remains rasponsible for his watch and at his station unti. prop-
erly relieved. He 1s required to instruct all persons on watch
under him in the performance of theilr duties, and to ensure
that they are at their stations, attentive, alert, and ready for
duty. He will train himself and his subordinates to foresee
situations which may arise and to take such timely and remedial
action as may te required;

e 1s responsible for informing the appropriate persons of matters
pertaining to his watch which they should know for the proper
performance of their duties;

9 makes all required inspections and any such additional ones as
permitted and considered necessary to ensure that the duties
of the watch are properly performed.

There are two primary areas of responsibility assigned to watch-
standers--casualty action, and log-keeping and instrumentation.

In terms of casualty action, each watchstander is required to read
and understand all casualty prcocedures pertinent to his watch
station and to review thess casualty procedures periodically as
riecessary to ensure complete familiarity. In the event of a casual-
ty at his watch station, he takes active charge of casualty control
until relieved by a senior, and all casualties and abnormal condi-
tions are reported, through the watch organization, to the Officer
of the Deck or the Duty Officer.

The importance of log keeping and instrumentation monitoring
responsibilities has been emphasized from extensive experience

with naval machinery/equipment. Therefore, watchstanders are
required to carefully note the significance of log readings and
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trends. A review for trends at the time of recording hourly read-
ings may indicate a system change which can be diagnosed and rec-
tified before the situation deteriorates into a casualty. All such
trends are reported ‘mmediately and investigated promptly.

Underway watches are never longer than six hours in length except
for abnormal evolutions or casualty actions. The standard watch
is four hours in length. In-port watches will normally be four 3
hours in length but may be extended as ne :ssary to meet special

requirements (e.g., during overhaul or new construction).

Watch rotation requires the relieving watchstander to make a thorough g
and complete inspection of all spaces and equipments under his cog-
nizance before relieving the on-duty watchstander. It is usual
practice for the relief to examine all applicable equipuwent log read-
ings on his watch station since he last had the watch, noting any
variations from normal such as voltages, pressures, temperatures,
etc. [He is specifically required to read the commentary sections
(remarks) of applicable logs back to the last time he was on watch
(or to the time of getting underway, plant startup, equipment light-
off, or for the preceding three watches if continuity of watches

has been interruped) carefully noting and discussing unusual ~on- !
ditions, deviations from normal or other matters of importance.] !
Such veriations should be discussed and any questions resolved prior E
to watch relief. Watch relief must also insure that the preceding
watch has completed and signed the log sheets as reyquired.

1) Normal Underway Watch Requirements - The SSBN crew is
organized into three watch sections for underway cruising. Each
section 1s capable of operating the ship both surfaced and sub-
merged on all types of propulsion. The watch structure is shown
in Table ITII-A-12.

1
|
Note: Only personnel currently qualified in accordance with the f
provisions of BUPERSINST 1540.40 are assigned to watch stations 3
marked with an asterisk. Specific instructions regarding station- f
ing these watches are presented in Engineering Department Organ-—

lzaliovn Manual fur Navel Nuclear FPropulsion Tlants. i
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Table III-A-12

Normal Underway Watches

WATCH SUBMERGED SURFACED NORMALLY MANNED BY
Officer of the Deck Periscope Station Bridge Officer
Diving Officer of Control Center --- O0fficer/CPO
the Watch
Chief of the Watch BCP BCP CPO/Senior PO
Quartermaster Attack Center Attack Center QM
Navigation Center Navigation Center Navigation Center |ET/QM
Supervisor »
Navigation Watch Navigation Center Navigation Center |[ET/QM
Navigation Equipment [Navigation Center Navigation Center |ET
Technician
Sonar Supervisor Sonar Control Room Sonar Control Room|ST
Radar/ECM Attack Center Attack Center ET
Sonar QOperator Sonar Control Room Sonar Control Room{ST
Radio Supervisor Radio Room Radio Room PM
Radio Operator Radio Room Radio Room RM
Helmsman. Helm/Fairwater Planes |Helm SN/FN
Planesman Stern Planes Bridge Lookout SN/FN
Lee Helmsman/Messen- [Control Center Control Center SN/FN
ger
Torpedo Room Watch Torpedo Room Torpedo Room ™
Missile Control Super-[Missile Control Center|Missile Control FT/MT
visor Center
MCC Assistant {when Missile Control Center|Missile Control MT/FT
assigned) Center
LOS Watch Missile Compartment Missjle Compart- [TM/MT
ment
Assistant LOS Watch  |Missile Compartment |[Missile Compart- [MT/TM
ment
Missile Compartment Missile Compartment Missile Compart- |TM/MT/FTB
Roving Patrol ment
EOOW* Maneuvering Room Maneuvering Room |Officer
Engineering Watch Engineering Spaces Engineering Spaces|CP0/Senior PO
Supervisor*
Throttleman* Maneuvering Room Maneuvering Room |EM/IC
Electrical Operator* |Maneuvering Room Maneuvering Room |EM/IC

G S cdeabdatishork 1an Dol

*0nly personnel who have successfully completed ruclear power training shall
be assigned to these watches.
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Table III-A-12 (Concluded) _
| WATCH SUBMERGED SURFACED NORMALLY MANNED BY

Reactor Operator* Maneuvering Room Maneuvering Room JET

Auxiliary Electrician |Control Room Control Room IC/EM
Forward

AMR #2 Upper Level* AMR #2 UL/Tunnel AMR #2 UL/Tunnel |ET/IC

Auxiliary Watch For- |Control Room Control Room MM
ward

Engine Room Super- Engine Room Engine Room MM
visor*

Engine Room Upper Tngine Room UL Engine Room UL MM
Level*

Engine Room Lower Engine Room LL Engine Room LL MM
Level*

AMR #2 Lower Level AMR #2 LL AMR #2 LL MM
Watch*

Auxiliaryman Aft Engineering Spaces Engineering Spaces|MM
AMR #} AMR #1 AMR #1 MM/EM/IC
Engineering Labora- Nucleonics Labora- Nucleonics Lab- MM
tory Technician* tory oratory

Auxiliary Electrician jEngineering Spaces Engineering SpacesjEM/IC
Aft*

*Only personnel who have successfully completed nuclear power training
shall be assigned to these watches.
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Rl The underway watches identified below are normally stoed on a part-time
basis as assigned by the appropriate Department Head.

SPECIAL WATCHES STATION NORMALLY MANNED BY
(may have one or more
men per watch)

Ship's Cooks Galley MS 3
Messmen Galley SN/FN 3
Yeoman Ship's Office YN 3
Stewards Pantry MS. k
Hospital Corpsman Sick Bay HM 3
Storekeepers Supply Office SK ;

The specific responsibilities and organizational relationships of
personnel assigned major responsibility for ship control functions
are presented in Table III-A-13.

2) Wateh Organization In-port - The in-port duty section is
responsible for the security of the ship at anchor or moored. Tt
shall be directed and supervised by a Duty Officer assisted by an
Engineering Duty Officer and shall consist of sufficient persornel
havirg the necessary qualifications to get the ship underway and
perform all routine submarine evolutions. As a minimum, the in-

; port duty section shall be composed of the following:

Duty Officer;

Weapous Duty Ofiicer (if tactical missiles are on board);
Duty Chief Petty Officer;

Engineering Duty Petty Officer qualified as Engineer-
ing Watch Supervisor;#*

Continuous Petty Officer of the Deck;

Continuous Topside Sentry;

Continuous Below Decks Watch;

Continuous Shutdown Maneuvering Area Watchj*
Continuous Propulsion Plant Shutdown Roving Watchj*
Shutdown Electrical Operator (when assigned);*
Continuous Weapons Watch (if missiles or ASTCK are

on board);

e Other departmental watches as regquired.

sl bl g bk akkiie

The specific responsibilities and organizational relationships
of in-port watch personnel are identified in Table IIi-A-14,

v ot mre s =
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*0Only personnel who have successfully completed nuclear power
training shall be assigned to these watches.
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Table III-A-13 SSBN Underway Watch Personnel Responsibilities

VR L e e A VG

PERSONNEL

BASIC FUNCTION

ORGANIZATIONAL
RELATIONSHIPS

Officer of the

. Deck (00D)

The Officer of the Deck
underway is that ov?{i-
cer on watch who has
been designated by the
Commanding Officer to
be in charge 'of the
ship. He is primarily
responsible, under the
Commanding Officer, for
the safe and proper op-
eration of the ship,
and for the safety and
performance of person-
nel in the ship.

The Officer of the Deck
reports directly to the
Commanding Officer for
the safe navigation and

Keep himself informed concerni
affect the safe navigation of t
grounding or collision in accorg
road, and the orders of the Com

general operation of
the ship and to the

Executive Officer for
carrying out the ship's

Keep himself infurmed concernin
and the Commanding Officer, and:
operations. |

routine.

Keep himself aware of the status
ordered condition of readiness !
Officer and the Weapons Officer:

Keep himself informed of the sti

Keep himself informed of the ste
control equipment. The Commandt
cal Officer shall be notified wl

Make all reports to the Commangﬁ
and by the Commanding Officer.

Ensure that the Executive Office
changes in the tactical s1tuat1f
heavy weather, equipment out of |
a change in the ship's routinejﬂ

Keep- the Navigator informed of ¢
changes in visitbility, of sightt
buoys, discolored waters or dera
indications of set and drift and

Ensure that the required report@
or cther routines are made promg

Issue necessary orders to the hi
an assigned position or to chang
with orders of proper authority.

Dtrectly supervise all personnel
axercise overall control of °fﬂ$

Keep and sign the Deck Lng, sung

Upon being veiieved, complete an
report the results o* tnis inspy
to the Comnanding Nfficer.

Prior to dtving the sh1gﬁ obtain
In case ship must be submerged {
surface the ship 1f soundings 1n

SPECIAL NOTE: Distinction bet
Dack must be thoroughly aware o
control of the movements of the:
the watch as outlined in U, S.
Conn 1s also Officer of the Deck
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DUTIES, RESPONSIBILITIES, AND AUTHORITY

Peck|Keep himself informed concerning the tactical situation and geographical factors which may
thejaffect the safe navigation of the ship, and take appropriate action to avoid the danger of

PXo el

grounding or collision in accordance with tactical doctrine, the rules of the nautical

. and| road, and the orders of the Commanding Officer or other proper authority.

Keep himself informed concerring current operation plans and orders, intentions of the OTC

operations.

%r and the Commanding Officer, and such other matters that may pertain to ship or force

Keep himself aware of the status of the Torpedo and Misstle batteries, ensuring that the
ordered condition of readiness {s maintained, and promptly reporting to the Commanding
Officer and the Weapons Officer any changes in the condition of readiness.

Keep himself informed of the status and current capabilities of the engineering plant.

Keep himself informed of the status and condition of the ship's atmcsphere and atmosphere
control equipment. The Commanding Officer, Executive Officer, Engineer Officer and Medi-
cal Officer shall be notified wheneve- internal atmospheric conditions arc abnormal.

Make all reports to the Commanding Officer that are required by U. S. Nayy Regulations,
and by the Commanding Officer.

Ensure that the Executive Officer and Department Heads concerned are kept informed of
changes in the tactical situation, changes in operations schedules, the approach of

heavy weather, equipment out of commission, or any other circumstances which would require
a change in the ship’s routine or other action on their part.

Keep the Navigator informed of changes of course, speed and depth, notify Navigator of
changes in vistbility, of sighting of all land, shoals, rocks, 1ighthouses, beacons,
buoys, discolored waters or derangements to steering system or navigational egquipment, and
indications of set and drift and unanticipated changes in fathometer readings.

Ensure that the required reports to the Officer of the Deck concerning tests, inspections
or other routines are made promptly and are properly organized.

Issue necessary orders to the helm and Maneuvering Room to avoid danger, to take or keep
an assigned positien or to change the course, depth and speed of the ship in accordance
with orders of proper authority.

Dtrectly supervise all personnel on search and ship control watches when submerged and
exercise nverall control of other watchstanders at all times.

]

Keep and sign the Deck log, supervising entrlies made by other personnel of hiémadtch.

dpon being relieved, complete arnd sign the Deck Lo, inspect the ship forward of Frame 85,
report the resuits of this inspectton ta the OfPicer of the Deck, and report his relief
_19 the Commanding Officer. o

et e L Y T L e o e S S W

Prior to dtving the shig& obtain verified sounding to assure adequate depth balow the keel.
In case snip must e submerged for emergency purposes prior to obtaining such sounding,
surface the ship 1f soundings indicate insufficlient depth.

SPECIAL NOTE: Distinction between the Deck and the Conn. Underway, the Officer of the
Deck must be thoroughly aware of the distinctton between the conn, which is the actual
control of the movements of the ship, and the deck, which is the supervisory authority of
the watch as outlined in U. S. Navy Regulations and above. When the Officer who has the
Lonn {s also Officer of the Deck, he has the responsibilities imposed by Navy Reguiatinns
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Table III-A-13 (Continued)

PERSONNEL BASIC FUNCTION

ORGANIZATIONAL
RELATIONSHIPS

DUTIES, RESPO

sz 0 IO R A e ]

Officer of the
Deck (00D)
(Continued)

as well as those additional ones 1mpos;

A definite policy of taking over and r¢
of the conn must Se clearly understood#
by him and, most important, carefully B
who manua11y perform the movement direg
measure of responsibility for the chip$
when he ts relteved of the conn hy chej

The Commanding Officer, at his discretf
conn. In .additton, he may direct the (
conn; but he will rarely, if ever, rei
engine order telegraph wi]], however,
for direction of the ship's movements-4
ensure efficient response and eliminate
sidered proper for the 00D to announce
as appropriate) has the conn", and imme
the conn, "Sir, I have relinquished the

Ny B el S ol S A N L L S e TSR e S

Diving Officer The Diving Officer of
of the Watch | the Watch is that offi-

The Diving Officer of
the Watch reports

Keep informed of the navigational facti
the ship

Watch (COW)
Officer of the Deck
(when surfaced) and to
the Diving Officer of
the Watch (when sub-
merged).

is the assistant to thef reports directly to thd

Officer of the Deck

(000k) | cer,or senior petty ) |directy to the OFFicer xeep intorned o the status of a11 ea
on watch directly re- Adjust trim and compensation of the sﬁﬁ
223"21b1ﬁet8eztef2:f1' Direct the activities of the Chief of #
safe and proper submer- and ship attitude during submerged manq
ged control of the the ship.
ship. Officers and Control routine pumping of all bilges W
3??{°EeP§§§¥ggzzl§eE§ Make all required reports to the Office
the Commanding Officer Inform the Ship's Diving Officer of ted
as qualified to act as his attention. -t
Diving Officer of the :
Watch.

Chief of the |The Chief of the Watch | The Chief of the Watch E

Stand his watch at the Ballast (‘ontr*o'l’j

(when surfaced) and to
the Diving Officer of

Initiate the execution of ordered d1ve
Diving Officer of the Watch.

the Watch (when sub-
merged).

Carry out the routine of the ship as sp
Day, ‘and orders of the Officer of the

0
In the absence of an officer on watch
of an emergency, ensuring that word is°
the Officer of the Deck fully informed:
emergency until an officer relieves h1m

Ensure that fathometer readings are taI
any dangerous situation is deemed to ey

B

b

i

4

i
i -l..\.:\v.u,‘“.\.il}lnX‘n-;..-;{-;u;::!ﬁ.-‘.‘z;gL&uu._\'.;.g'nu P N T T T T o

S scal AR 3

st s G R g e s




DUTIES, RESPONSIBILITIES, AND AUTHORITY

Ip—

%s well as those additional ones imposed by directives of the Commanding Officer.

A definite policy of taking over and relinquishing the conn must be followed. The status
‘of the conn must be clearly understood by the Officer of the Deck, verbally acknowledged
by him and, most important, carefully brought to the attention of all personnel on watch
who manually perform the movement directed by the Officer who has the Conn. A considerable
‘measure of responsibility for the ship's safety remains with the Officer of the Deck even
iwhen he ts relfeved of the conn by the Commanding Officer or other duly quatified officer.

'The Commanding Officer, at his discretion, will relieve the Officer of the Deck of the
conn. In addition, he may direct the 00D how to proceed at any time without assuming the
iconn; but he will rarely, if ever, relieve the deck. Any direct order to the wheel or
‘engine order telegraph will, however, itself constitute assumption of the responsibility
‘for direction of the ship's movements-~the conn. Under these conditions, in order to
.ensure efficient response and eliminate the possibility of conflicting orders, it s con-
sidered proper for the 00D to announce to the bridge watch, "The Captain (or other officer
as appropriate) has the conn", and immediately thereafter report to the Officer who has
‘the conn, "Sir, I have relinquished the conn."

?Kﬁep ;nformed‘of the navigational factors involving safe and proper submerged control cf
-the ship. '

Keep informed of the status of all equipment which may affect submerged ship control.

é"Adjust trim and compensation of the ship for best submerged control.

:D1rect the activities of the Chief of the Watch and planesman in maintaining ordered depth
and ship attitude during submerged maneuvering, and in conducting diving and surfacing of

the ship.

iControl routine pumping of all bilges with the drain system.

'Make all required reports to the Officer of the Deck.

EInform the Ship's Diving Officer of technical, material and training matters which come to
this attention. ‘

i“:':St:amd his watch at the Ballast Control Panel.

fInitiate the execution of ordered dive and take charge of the dive until relieved by the
EDiving Officer of the Watch.

ECarry out the routine of the ship as specified by Ship's Instructions, the PTan of the
ED4Y, ‘and orders of the Officer of the Deck or the Diving Officer of the Watch.

‘In the absence of an officer on watch in the Control Center, initiate action in the event
Fof an emergency, ensuring that word is passed and alarm sounded when appropriate. Keep
Bthe Officer of the Deck fully informed and supervise the execution of orders to combat the
gemergency until an officer relieves him of these duties.

Etnsure that fathomete: readings are taken, recorded, and reported when directed or when
Fany dangerous situation is deemed to exist.
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Table III-A-13 (Concluded)

Officer of the
Watch (EOOW)

that officer on watch
certified by the Engin
eer Officer and Com-
manding Officer as
qualified to be in
charge of the propul-
sion plant, its asso-
ciated auxiliaries and
the atmosphere control
equipment. He is pri-
marily responsible for
the safe and proper
operation of such
units and is responsi-
ble under the Officer
of the Deck, for the
safety and performance
of all personnel ass-
igned engineering
watches and in engine-
ering spaces.

cer of the Watch is j

|

of the Watch reports

cTe ORGANIZATIONAL
PERSONNEL BASIC FUNCTION RELATTONSHIPS DUTIES.,}
Engineering The Engineering Offi- |The Engineering Officer| Ensure that all orders received i

executed. He shall not permit th

directly to the Officer
of the Deck. The En-

Report promptly to the Officer of
probable derangement of machinery:

gineer Officer may di-
rect the Engineering
Officer of the Watch
concerning his duties
and may assume the dut-

Ensure that alert watches are befi
operated in accordance with instr
ified personnel in accordance witl
inspections and safety precaution

ies of the watch when
in his judgment such
action is necessary.

Prior to relieving as Engineer‘ing‘:‘€
situations, and make an inspectioﬂ

Exercise the strictest control ovi
ance with current directives. !

Ensure that the Engineering Log, |
properly kept and that the Bell B{
viduals who have knowledge of the:
Engineering Officer of the Watch {
watch. He shall inspect the Engii
thereof to the Officer of the Dec|

Control routine pumping of bilges:
85 with the permission of the Div

Helmsman

The Helmsman is respon-
sible to the Officer of
the Deck in matters of
ship control.

Steer the ship and operate the Ed
Dack. :

Be particularly alert to detect a
the equipments or indications and
Chief of the Watch and Quartermas

Take immediate action in accordan
casualty. :

‘lPlanesman

The Planesman reports
directly to the Diving
Officer of the Watch.

Operate his planes as directed by
depth and/or angle ordered by the

Be particularly alert to detect a
of his equipments or indicators a
Watch.

Take immediate action in accordan

Lookout

The Lookout reports
directly to the Officer
of the Deck.

Maintain a continuous 360° sharp
sounds and conditions to the Offi

Report the status of the ship's v
played. :




DUTIES, RESPONSIBILITIES, AND AUTHORITY

cer
L

Ensure that all orders received from the Officer of the Deck are promptly and properly
executed. He shall not permit the shaft to be turned except as ordered.

e

F_-

Report promptly to the Officer of the Deck and tu the Engineer Officer any actual or
probable derangement of machinery or auxiliarijes.

if-

Ensure that alert watches are being maintained. He shall ensure that machinery is being
operated in accordance with instructions, that machinery and controls are manned by qual-
ified personnel in accordance with approved section watch bill, and that all applicable
inspections and safety precautions are being carried out.

Prior to relieving as Engineering Officer of the Watch, inform himself to the tactical
situations, and make an inspection of the engineering spaces.

Exercise the strictest control over water chemistry and radiological controls, in accord-
ance with current directives.

]

Ensura that the Engineering Log, Engineer's Bell Book and prescribed operating records are
properly kept and that the Bell Book and other operating records are signed by the indi-
viduals who have knowledge of the orders given and executed. On being relieved, the
Engineering Officer of the Watch shall sign the Engineering Log and Bell Book for this
watch. He shall inspect the Engineering Spaces aft of Frame 85 and report the results
thareof to the Officer of the Deck.

Controi routine pumping of Lilges with the auxiliary drain system for spaces aft of Frame
65 with the permission of the Diving Officer of the Watch.

 of
0f

Steer the ship and operate the Engine Order Telegraph as ordered by the Officer of the
Deck.

b sl )

Be particularly alert to detect any irregularities in the operation or function of any of
the equipments or indications and immediately report such to the Officer of the Deck,
Chief of the Watch and Quai termaster of the Watch.

Take immediate action in accordance with casulty procedures in the event of steering
casualty.

Operate his planes as directed by the Diving Officer in order to attain and maintain the
depth and/or angle ordered by the Diving Officer.

Be particularly alert to detect any irregularities in the operation or function of any
of his equipments or indicators and immediately report such to the Diving Officer of the
Watch. :

Take immedtate action in accordance with casualty procedures in the event of casualty.

Maintain a continuous 360° sharp leokout, reporting all contacts, lights, unusual ebjects,
sounds and conditions to the Officer of the Da2ck.

Report the status of the ship's running 1ights each half hour when the 1ights are dis-
played.
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Table III-A-14 SSBN In-Port Watch Pergomnel Responsibilities

PERSONNEL

BASIC FUNCTION

ORGAMIZATIONAL
RELATIONSHIPS

DUTIES, RES

T ST e S, o s

FTREET T

Duty Officer

The Duty Officer is
responsible for the :e-
curity of the ship, for
the conduct of the
ship's routine and in
the absence of the reg-
ularly responsible of~-
ficer, for the super-
vision of all ship's
activities.

The Duty Officer re-

Conduct a complete inspection of the

ports to the Commanding
Officer in matters re-

Ensure that the Engineering Duty Off
receive reports from the Engineerin@

lating to the security,
operation, and readi-
ness of the ship and to

Supervise preparations for getting u
on getting underway.

the Executive Officer
in administrative mat-
ters.

Ensure that the ship is safely moore
or proceed to sea, safely navigated.

Keep himself informed of the status
ing the emergency procedures outline

Coordinate snip's routine with major
fueling.

Personally supervise major evolution
ous work unless specifically relieve

Engineering
Duty Officer

The in-port Engineering
Duty Officer is a com-
missioned officer qual-
ified in nuclear power
(graduate of the Naval
Nuclear Propulsion
Training Program).

The Engineering Duty
Gfficer reports to the
Duty Officer. He shatl
also report directly

Direct and supervise engineering dep
internal security of the ship and th
frame 85. Approve the day's list of
Engineering Officer.

to the Commanding Of-
ficer whenever he be-

Exercise close supervision cver ail

1ieves such action to
be desirable or neces-
sary.

When propulsion plant conditlons rec
Supervisor remain continuously in tt
Maneuvering Room.) He shall dischar
Wacch delineated in this manual and

Exercise the strictest control over
istry in accordance with current diy

Conduct a complete inspection of the
to the Duty Officer, at least once ¢
Ensure all tours are logged in the |

Ensure that Battery Charging Proced
are adhered to. Verify charging "1
battery charge.

Keep the ship's Duty Officer inform
his relief to the ship's Duty Offic

Weapons Duty
Officer

-} The Weapons Duty Offi-

Weapons Duty Officer
shall be on board at
a2ll times whenever nuc-
lear weapors and/or
tactical P¢ iden mis-
siles are on board.

cer shall assist and
be subordinate to the
Ship's Duty Officer and

The Weapons Duty Offi-
cer reports to the
Duty Officer. He shal
also report directly tg

Instructions herein amplify the pro
The Weapon's Duty Officer shall:

Assist the Duty Officer and direct
section in ensuring the security of

the Commanding Officer
whenever he believes
such action to be des-

Exercise close supervision over all
the missiles and launching subsyizg

irable or necessary.

Remain cognizant of all deviations
ity to respond to casualties to the
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DUTIES, RESPONSIBILITIES, AND AUTHORITY
?n' Conduct a complete inspection of the ship topside and below decks, forward of frame 85.
gg;ﬁg Ensure that the Engineering Duty Officer conducts similar inspections aft of frame 85 and

receive reports from the Engineering Duty Officer upon completion of each inspection.

rity,
jdi-
ind to

Supervise preparations for getting underway, and be prepared to assume the duties of 00D
on getting underway.

E;;:_ Ensure that the ship is safely moored and, if necessary, to get underway to shift berths

: or proceed to sea, safely navigated. Know currently assigned dispersal area.

§ Keep himself informed of the status of any nuclear weapons which may be on board, includ-

%‘ ing the emergency procedures outlined in the Nuclear Accidert Folder.

§I Coo¥dinate ship's routine with major engineering activities such as oxygen charging or

f fueling.

; Personally supervise major evolutions such as torpedo loading, diving orerations or hazard-
¢ Jous work unless specifically relieved by another officer.

ty Direct and supervise engineering department members of the duty section in ensuring the

j the | internal security of the ship and the operatinn of Engineering Department equipment aft of
'shatl| frame 85. Approve the day's 1ist of propulsion plant watchstanders in the absence of the
1y Engineering Officer.

g:: Exercise close supervision over all cperations which may affect the reactor plant.

§ to |When propulsion plant conditions require, ensure that buth he and the Engineering Watch
pces- | Supervisor rewiain continuously in the Engineering spaces, (His normal station shall be the

Maneuvering Room.) He shall discharge the responsibilities of Engineering Officer of the
Watch delineated in this manual and in Engineering Department directives.

Exercise the strictest control over radiological controls, water chemistry, and radtochem-
istry in accordance with current directives.

Conduct a complete inspection of the Engineering spaces, reporting completion and results
to the Duty Officer, at least once during each 4-hour watch period during his tour of duty.

Ensure all tours are logged in the Engineering log.

Ensure that Battery Charging Procedures set fo.th in Engineering Department Instructions
are adhered to. Verify charging "l1ine-up" prior to requesting permission to start a
battery charge.

Keep the ship's Duty Officer informed on the status of the engineering plant and report
his velief to the ship's Duty Ofticer.

Instructions herein amplify the provisions of U. S. Navy Regulations and Force Regulations.
The Weapon's Duty Officer shall:

Assist the Duty Officer and direct and supervise Weapons Department members of the duty
section in ensuring the security of the ship.

Exercise close supervision over all operations which involve the security and safety of
the missiles and launching subsystem und which involve the readiness of the Weapons System.

& i, L Sl Al LA e s o i e S hr

Remain cognizant of all deviations from equipment/system 1ineups which involve the capabil-
ity to respond to casuaities to the missile subsystem or launch subsystem,
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Table III-A-14 (Continued)

TR, T NS - o . N
Z & L S R TR T VU bttt o 16 s Rl .. i o Y
Y PR R P wre e e peeeedd

PERSONNEL

BASIC FUNCTION

ORGANIZATIONAL
RELATIONSHIPS

DUTIES

Weapons Duty
Officer
(Continued)

.50 qua11fied the

will be responsible to
him for nuclear weapons
safety, security and
casualty control. If

Ship's Duty Officer may
also act as Weapons
Duty Officer.

Remain cognizant of the status o
on Weapons Systems equipmeni whé

Keep the Ship's Duty Officer infy
relief to the Ship's Duty Office:

Duty Chief
Petty Officer

The Duty Chief Petty
Officer is an assis-
tant to the Duty Offi-
cer and must be quali-
fied to act as Chief
of the Watch. He is
responsible fo~ direct-
ing and supervising
the duty sectior to
ensure: the safety and
security of the ship;
the efficient execution
of the ship's routine
and the Plan of the
Day; the continuing
readiness of ship for
sea; the discipline of

the crew; and the
smart appearance of th
ship and crew.

The Duty Chief Petty
Officer reports to the
Duty Officer.

=
Keep the watch alert, checking pd
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Enginaering
Duty Petty
Officer

The in-port EngineerinJ

Duty Petty Officer is
a senior petty officer
qualified in nuciear
power (graduate of the
Naval Nuclear Power
Propulsion Training
Program).

The Engineering Duty
Petty Officer reports
directly to the Engin-
eering Duty Officer.
In his military func-
tion in the duty sec-
tion, he is subordin-
ate to and will assist
the Duty Chief Petty
Officer in the conduct
of duties.

The Engineering Duty Petty Offlﬂ
the petty officer in charae of t

Be present in the engineering sm
conditions affecting the safety {
lar times as may be ordered by i

Make a complete inspection of tm
the Engineering Duty Officer at !
of duty, staggering the time of |
Officer. Ensure all tours are h

Below Decks

- Watch !

The Below Decks Watch
is a responsible petty
officer qualified in
FBM submarines and
fully qualified to de-
tect and correct con-
ditions whicn may lead
to damage to ship or

The Below Decks Watch
reports through the
Duty Chief Petty Offi-
cer to the Duty
Officer. '

Inspect the ship by continuoy
low decks checkoff lists. Durin
enter all lower .~ck level space
conditions if such eatry is not
battery well during a battery ch

n
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DUTIES, RESPONSIBILITIES, AND AUTHORITY

e S

Remain cognizant of the status of a'l repairs, maintenance and alterations being performed
on Weapons Systems equipment whether by ship's force or by outside activities.

Keep the Ship's Duty Officer informed of the status of the Weapons System and report his
relief to the Ship's Duty Officer.

e P

i g
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R e

Ly
' the

Keep the watch alert, checking performance by inspection.

The Engineering Duty Petty Officer is an assistant to the Engineering Duty Officer. He is
the petty officer in charge of the engineering duty section, and as such he shalil:

Be present in the erngineering spaces when the reactor is critical and whenever unusual
conditions affecting the safety or operability of the plant exist, and at other particu-
lar times as may be ordered by the Engineering Duty Officer.

Make a complete inspection of the engineering spaces, reporting completion and results to
the Engineering Duty Officer at least once during each 4-hour watch period during his tour
of duty, staggering the time of his inspection with those made by the Engineering Duty
Officer. Ensure all tours are logged in the Engineering Log.

Inspect the ship by continuous patrol, making hourly notation of conditions in the be-
Tow decks checkoff Tists. During the course of his continuous patrol, the watch will
enter all lcwer deck level spaces (battery well, bilges, storerooms, etc) to ascertain
conditions if such entry is not contrary to current evolutions such as entry into the
battery well during a vattery charge. He shall be particularly alert to detect:

I ks o £ ettt B Ty
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Table III-A-14 (Conoluded)

PERSONNEL

BASIC FUNCTION

ORGANIZATIONAL
RELATIONSHIPS

DUTIES, !

Below Decks
Watch (Contin-
ued)

-{the internal security

her equipment or jeopars
dize the safety of per-
sonnel. His primary
function is to ensure

of the ship forward of
the Missile Compartment

abnormal changes in conditions nof
water or escaping air, the impro

or fuel, any casualties to persont
abnormal conditions during battery

Give alarm in the event of disordd

Ensure that bilges are pumped whef
become half full. 3

Keep nimself informed of the opéii

Inspect bilges from the lower fliﬂ

Inspect torpedo security bands and
ASTOR, visually examine the integ®
alertness of the torpedo room watd

Check all ship's safes locked shué

Petty Officer
of the Deck

The Petty Officer of
the Deck is a qualified
petiy officer stationed
on the main deck to
ensure the external se-
curity of the ship. In
addition he serves as a
comunicaticns link be-
tween the ship and
other activities and as
the ship's official
representative for all
persons coming on board
and departing from the
ship.

The Petty Ufficer of
the Deck is responsible
through the Duty Chief
Petty Officer, to the
duty Officer.

Topside Sentry]

The Topside Sentry is a
qualified petty officenr
or ncnrated enlisted
man who assists the

Petty Officer of the
Deck in ensuring the
external security of
the ship.

The Topside Sentry re-
ports to the Petty
Officer of the Deck.

Nuclear Weap-
ons Security
Area Armed
Guard

To ensure the security
of all nuclear weapons
when stored below deck
or whea being loaded on
offloaded.

i ,x-_-k;,.z.:mﬁ;a_:‘.‘:;:J .
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DUTIES, RESPONSIBILITIES, AND AUTHORITY
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abnormai conditions during battery charge.

abnermal changes in conditions noted in hourly checkoff list entries; any sound of running
water or escaping air, the improper operation of any machinery, or smells of smoke, gas,
or fuel; any casualties to personnel or machinery; changes in depth gage and trim readings;

Give alarm in the event of disorder, fire or other emergency.

become haif full.

Ensure that bilges are pumped when necessary and that sanitary tanks are blown when they

rl(eep himself informed of the nperating status of all machinery.

Inspect bilges from the lower flats.

Inspect torpedo security bands and torpedo tube locking devices on all tubes containing
A510R, visually examine the intagrity of the pneumatic alarm assemblies, and verify the
alerrtness of the torpedo room watch at random intervals not to exceed one-half hour.

Check all ship's safes locked shut at the commencement of liberty.

‘ , . . . .
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Table IIT-A-16 SSBN Mission Segments, Crew Operations, and Relevant Bille

MISSION SEGMENT

MAJOR CREW OPERATIONS

Sriorkel Bif

Prepare to Go to Sea May include dry docking (nominally every 18 months). ,
(30-day time pericA) Crew change (4 days) includes equipment maintenance during this gglgrﬁgithﬁ
time. , Repel Boart
Equipment maintenance, alignment, replacement. 3ecur1ty1f§
: - entilating
Support load put. . Dry Docking
May include an 1n-port operation/safety examination (nuclear Rescue and:
weapons, administration, engineering, etc). General Emé
Sea trial period (6 - 7 days) Collision B
P Y Flooding Bf
Check equipment operation, Toxic Gas B8
Train crew members. Fire Bi1l J
Final maintenance and supply load out (3 days). ga::;lg ge'
' Reduced El
Man Overb
Ship Dest
Abandon Sh
ASTOR Emerg
Haqeuvering Watch - Complete deployment checkoff list. Maneuvering
5315 Maneuvers away from tender or pier into channel or open water. Z:ﬁpﬂ1?13?i
(about a 2 hour time ‘ B tgle Bi1T:
eriod) A e
P Ventilatto
Cold Weathe
Reduced Vis
Rescue and ;
Interjor C

it

Repel Boardi
Navigatton |
A11 Emergeny

Surface Transit

s Copa et

(1ength of time is5 de-
termined by time to
travel to submergence
point)

Normal underway watch except for:

Contact Coordinator if sufficient contacts (ships) warrent
(officer in Control Room)

Radar Operator

Navigator or Quartermaster Chief to assist QMOW in piloting
problem

Rig for dive (checklist)
Enter compensation (trim)

Propu]sion!
Snorkel BiY;
Rig for Divi
Battle Bill;
Ventilation
Cold Weathe
Reduced Vis'
Rescue and |
Interior Col
Navigation |
A1l Emergen

Sholow ol nnd Lol leae Caeudalldr blasidoa
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irationa, and Relevant Bills

% RELEVANT BILLS 3
!fERATIONS (* indicates mandatory) :
?y every 18 months).A Snorkel Bill*

. ,_ . .. | Cold Weather Bill
gipment maintenance during this | yo.0nior Communications Bi11*

i Repel Boarders/Sneak Attack Bil1l
s replacement. Security from Unauthorized Visitors Bill*
F Ventilation Bill*
: : Dry Docking Bil1l
safety examination (nuclear Rescue and Assistance B111 3
ing; etc). General Emergency Bi1] 3
Collision Bill . Y
Flooding Bi1l i
Toxic Gas Bill %
F}re Bi1l » -

Missile Emergency Bi
out (3 days). Passive Deferse Bill
Reduced Electrical Power Bi11*
Man Overboard Bill
Ship Destruction Bill
Abandon Ship Bill
ASTOR Emergency Bill

o 6 4

T

i’

arte U

i
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. Maneuvering B111* -
¢ into channel or open water.

4
'
E.

Propulsion Bi11*

Snorkel B111 '

Battie Bill

Ventilatton Bil11*

Cold Weather B111

Reduced Visibility Bf11

Rescue and Assfstance Bi1ll
Interior Communicattons Bi11*
Repel Boarders/Sneak Attack Bi1l
Navigatfon and Ptleting B111+
A1l Emergency Bills 1

Propulsion Bil1*
nt contacts (ships) warrent §?Sr¥:1 g:ll Bi11* ,
; Battle Bi11 {
4 Ven§11at1gn 8111*

¥ to assist QMOW in piloting ggluczgasigqb?illy Bi11
Rescue and Assistance 8111
Interior Communications Bil1*
Navigation and Piloting Bi11*
A1l Emergency Bills

ITI-63
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Table ITI-A-15 (Coneluded)

MISSION SEGMENT

MAJOR CREW OPERATIONS

Submerge

(10 - 15 minutes)

Secure snorkeling.

Secure ventilating.
Submerge the ship.

Obtain satisfactory trim.

Non-alert Transit

(1 to o days)

Crew training.
Transit to patrol area assigned.
Rig for patrol quiet.

May include a scheduled security check (number of personnel
invclved would be less than Battle Station Torpedo but more

than normal underway watch).

Alert Period

(70 days minus transit
time)

Maintain continuous communications coverage.
Crew training.

Maneuvering Watch -
Return

(1 to 2 hours)

Required maintenance. Deep Sul
Remain undetected, submerged, within assigned area. g:g:?eq
May include a scheduled security check. Ventilas
Air Rev:
Cold We
Interio
Repel B
Escape
Towing |
Helicop
A1l Eme
Non-alest Return Crew training (if ORSE-Operation Reactor Safeguards Exam). Same a{
Transit Transit to port by assigned areas.
(1 to 3 days)
Surface Surface the ship. Surfact
(1 - 5 minutes) Shift to ventilating outboard. CZﬂg?}:
Cold We
. Interia
{3Surface Transit Return | Rig for surface. . Same af
(time 1s var1ab1e) Same specfal watch requirements as egress transit. '
May include the at-sea transfer of an examination board,
return to an assigned exercise area, and conducting an opera-
tional exam (2 days).
Maneuver from channel alongside tender or pier.

Same af




RELEVANT BILLS

ERATIONS (* indicates mandatory)
3 Diving Bill*

: Propulsion Bil1*

: Ventilation Bill*

3 Cold Weather Bi11

g; Interior Communications Bil1*

é,, A11 Cmergency Bills

Propulsion Bi11*
Snorkel Bill

Silent Running Bill*
Depth Charge Bill

‘check (number of personnel e:ﬁE}?aE}ll Bi11%

le Station Torpedo but more Air Revitalization Bill :
. Cold Weather Bill 4
Interior Communications Bi11*

Ps coverage. Propulsion Bi11* ?
i Snorkel Bi11

% Silent Running Bill* .
3 Deep Sgﬁmergenge Bt11 4
A Depth Charge Bil1

thin assigned area. Battle Bi1]

gcheck. Ventilation Bi11*

3 Air Revitalizatton B111*

4 Cold Weather B111

’ Interior Communications Bill1*

s e mazt s

: Repel Boarders/Sneak Attack Bi11l
5 Escape Bi11

. Towing B111

4 Helicopter ‘Transfer Bi11

1 A1l Emergancy Bills

. —

EReactor Safequards Exam), Same as leaving port except REMOVE: Rig for Dive/Surface Bill

e AR

Surfaring B111* ‘ ]
Fropulsion Ri11* ]
Ventilation Bill* ]
Cold Weather Bill 3
Interior Communications Bil11* N 3

Same as Port Exit excepf ADD: Towing Bi11

B VI

ias egress transit.

Yof an examination board,
prea, and conducting an opera-

fiender or pier. Same as Maneuvering Watch (Exit) except ADD: Towing Bill

¥
4
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b. Administrative Structure - The administrative structure on
the SSBN is distinet from the watch structure and serves a difter-
ent purpose. The administrative structure consists of various
administrative departments with an officer in charge of each and 1t
serves the basic purposes of controlling personnel matters, prepara-
tion and submittal of various equipment and personnel reports, and
maintenance of ship's equipment. The watch structure, by way of
comparison, serves the basic purpose of operating the submarine as
it performs its mission. The Administrative Structure for the
baseline SSBN 1is shown in Figure III-A-18. '

¢. Operational Analyses — To facilitate an understanding of crew
functions and operations, the ncminal mission of the baseline SSBN
was divided into 10 identifiable segments. These mission segments,
their approximate time requirements, and the major crew operations
and relevant Bills for each segment are identified in Table III-A-15.
Table III-A-15 thus provides an overview of the major crew operations
involved in a nominal SSBN mission.

The specific crew responsibilities and activities involved in operat-
ing the SSBN in nominal and casualty modes are outlined in the Ship's
Operating Frocedures (SOP). These operations are written in the

form of Operational and Emergency Bills and theilr purpose 1s to provide
guidance for the execution of crew functions. Table III-A-16 through
Table I1I-A-23 were developed from an analysis of various Bills and
interviews with submarine personnel to delineate the crew tasks and
responsibilities for the major ship ceontrol functions of diving,
surfacing, snorkeling, propulsion, ventilation, battle, and general
emergency. Each table identifies the specific personnel involved

in accomplishing a function (Bill), their command responsibilities,
actions, and communication responsibilities, The numbers shown in
parentheses for each action or communication task identify the rel-
ative sequence of tasks for each crew member.

III-65
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NISTRATIVE ORGANIZATION

COMMANDING OFFICER i

EXECUTIVE OFFICER f———

|

COMMAND DEPARTMENTS

NAVIGATION OPERATIONS
Navigation & Piloting. 1. Preparation of OpPlans. 1. Operation,
Operation, Maintenance & Repair 2. Intelligence. of Missile
of Navigation and assigned 3. Communications. Fire Contr
Electronic Equipment. 4, Visual Search. and assoct
Department Training. 5. Electronic Search. Control sy
6. Ilectronic Countermeasures. munition,
1 7. 1Issue and Control of CMS dis- equipment :
tributed publications. above. ‘
8. Operational Evaluation. 2. Deck Seama
9. Operation, Maintenance & Repair 3. Maintenanc
of assigned Electronic Equipment. hull.
10. Photography. 4. Handling &
11. Department Training. and pyrote
12. Postal matters. 5. Accountabi
Nuclear We
6. Departmeni
SUPPORT DEPARTMENTS
l —
SUPPLY
1. Procurement, storage and issue 1.
of repair parts and consumable 2.
supplies. 3.
2. Operation of the General Mess. 4,
3. Admin. of Monetary Funds.
4. Department Training. 5.
E;

Figure III-A-18 SSBN Administrative Structure




ADMINISTRATIVE ORGANIZATION

COMMANDING OFFICER

EXECUTIVE STAFF

EXECUTIVE OFFICER

COMMAND DEPARTMENTS

TIONS

£ OpP1

IS,
le

arch.

untermeasures.

itrol of CMS dis-
ications.

valuation.
\intenance & Repair
‘lectronic Equipment.

aining.

'S,

ans. 1.

o AW

(=)

WEAPONS

Operation, Maintenance & Repair

of Missile, Launcher & Missile

Fire Control systems, Torpedoes

and associated launch & Fire

Control systems, small arms & am-

munition, and of Electronic & test

equipment associated with the
above.

Deck Seamanship.

na;?tenance of ship's exterior
ult.

Handl1ing and stowage of explosives
and pyrotechnics.

Accountability & custody of
Nuclear Weapons.

Department Training.

oW o (&} PwN
. * . L] 2

SUPPORT DEPARTMENTS

1

—
L]

ENGINEERING

Operation, Maintenance & Repair
of propuision, reactor and
electrical installations, Auxil-
jary and Atmosphere Control
Equipment.

Damage Control.

Repair of Hull.

Maintenance & Repair of Under-
water Fittings.

Propulsion Plant Water Chemistry
& Radiochemistry. -
Accountability and control of
radioactive material.

Department Training.
Radiological controls.

Passive defense.

Radiac equipment.

MEDICAL

Atmosphere Analysis.

[o ] &, ] P W N -

Department Training.

Treatment of Sick & Wounded.
Health, Sanitation & Hygiene.

Personnel Dosimetry & medical
aspects of radioactivity.
. First Aid & Safety Instruction.
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GENERAL INFORMATION ‘
m rig for dve shall be broken only with the permission of the Commanding . ) When underway, men will not by permitted on the hrl!
Oficer, and he shall be informed when the rig for dive has boen restored. When permission. The number of men on the bridge will be
Omdd. mlnd departures from the rig for dive will be checked by an officer Personnel going to the bridge will atain permission from
rmmt checisd to the Chif o the Watch. who Wil in turn renart to the OOD, Chief of the Watch before proceeding to the bridge, They
Giving Officer and the Commanding Otficer, foam the 00U before laying below and shall adviss the Chidl
resching Control,  Personnel will not be permitted on top g
superstructure or on the main deck when underway, wltmq
Officer's permission,

Table ITI-A-16 Rtg for Divé/Surface Bill

Command Responsibilities / General Information Actions (C&D Operations, |nspei

L. Ensure that a current Rig for Dive status sheet is properly completed and
filed together with a list of rig for dive discrepancies in the Diving Book.

2, Designated qualified officers to carry out the provisions of this till en a
campartment or compartment level by level basis,

3 Caicuiste the compensation and cause the compensation to be entered as

part of the Rig for Dive procedure. The compieted compensation workshest
signed by the Diving Officar will be filed in the Diving Book,

& Ensure action is being taken to expeditiously correct all Rig for Dive discrapancies.

5. Regort to the Commanding Officer and Officer of the Deck when the ship has
boon Rigged for Dive and compensated - or Rigged for Surface. All discrepancies
will be reported &t this time.

& Maintain comapriment Rig for Dive and Rig for Surface check off fists complete
and properly posted.

IR

Pelty 1. Be responsible for the expeditious, correct rig for dive in each compartment Qualified petty ofticers, as designated by the seni
Oon ensuring that designated petty officers personaily rig sach item against the posted eath compartment or compartment level (if in port a ¢
Duty Officer) will carry out the provisions of the rig ?

compartment Rig for Dive Check off List.
in each compartment or compmlment level. The chex
Never trust your memo An individual level will
polty officer gmiﬁ peaorming the rigging of the oo
report completion to the COW (and the EOOW if the o
onginesring spaces) along with any diss—- sncies,
the Rig for Dive Status Sheet,
Officers designated by the Diving Odticer will per

compartment against the check-off list. Each comparl
checked by one ofticer. The check-off list will be e
checked,

T

L Receive reports of rig for dive (surface) and officer's check of Rig for Dive. The Chie of the Watch will order the following :
recelving permission of the 00D,

2. B¢ responsible for maintaining an accurate status of Rig for Dive (surfacel en .
1, Test aperation of the fairwater and stern planes

the Control Koom Rlg for Dive Status Board.,
3, Maintain the Rig for Dive (surface) stalus shest and an up-to-dute dscrepency list. 2, Test blow main ballast tanks (normal); test emen
in accordence with COMSUSLANTINST 05100, 7.

4, Report o0 the Diving Officer when the ship has besn rigged for dive, checked and
compensated, including all discrepancies, % Secure air to the whistle,
4 Test bridge access hatch. Firgt shut the outhoa

3. Enter the compensation,
€. Raise and tower masts.

Chief Immedistely after setting the !n-Port Watch, thu
company with the Bulow Decks Watch, shall inspect t
oath compartment and report the results of the inspy

in Port
An Audiiaryman will install the Main Ballast Ty

® the Duty Officer when the vent covers have been |
post the 'Main Ballast Tank VENT COVERS INSTALLED

3?{.5

i
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GENERAL INFORMATION

L man will not be peviaitted on the bridge without the 00D's

of men on the bridge will be kept to a minimum,

® bride will cbtain permission from the 000 through the
s proceeding to the bridge. They shall obtain permission

tmying below and shall advise the Chief of the Watch upon -

. net will not be permitted on top of the sail, within the

§ the main deck when underway, without the Commanding

5,
t

Actions (C&D Operations, Inspections, Recordings, Etc,)

Communication Responsibilities

When drdsred by the Commanding Officer, the Qfficer of the Dack will have the
Chisl of 2he Watch pass the word o the IMC, 'RIG SHIP FOR DIVE iSURFACE)'. 'RIG
SHIP FOR DIVE (SURFACE)',

- ?,:n‘!ﬁ‘ g TV e T

TR

O

When the ship has beeri rigged for dive, checked, and compensated (or rigged for
surface), the ship's Diving Officer will report to the Commanding Otficer and 000,
'THE SHIP IS RIGGED FOR DIVE (SURFACE) enumerating any exceptions.

oificers, as designated by the senior petty officer of the watch in

jort or compartment level ‘if in port a qualified petty officer designated by the

[Hi carry out the provisions of the rig for dive (surface; check-off list posted

ptment or compartment level. The check-off list must always be used.

br memory. An individual level will not be spIit betwrn petty officers. The
performing the rigging of the compartment or compartment level witl

o to the COW (and the EGOW if the compar nent rige ad is in the

jaces) along with any discrepancies. In addition, he 4ill personally sion

B Status Sheet,

2R directly to the Chief of the Watch when the rig for dive is compieted,
mum«m all exceptions. 9

Pesignated by the Diving Officer will personally check each item in the
iinst the check-off list, Each compartment or compartment level wiy, be
dﬂw The check-off list will be carried in hand as sach item is

L Roport directly to the Chief of the Watch when he has checked the Rig for Dive.
List each exception and sicn the Kiy for Dive status shest.

| of the Watch will order the following steps to be performed only L er
ssion of the 00D,

Baion of the tairwater and stern planes in all modes of aperatic.).

wain ballast tanks (normal); test emergency main ballast tank \low sysicm
fwlth COMSUBLANTINST €500, 7,

j 10 the whistie,
Be scosss hatch, First shut the outboard induction vaive It ORLYL

B tower masts.

after setting the in-Port Watch, the Duty Chief Petty Officer, in
Below Decks Watch, shall incpect the rig for surtace cond ions in
and report the results of the inspection %o the Duty Office.

will Install the Main Ballast Tank vent covers, He shall report
tor when the vent covers have beon installed. |n addition, he shail
- Ballast Tank VENT COVERS INSTALLED' warning sign on the BCP.
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dving evciution wilt be performed en a section besis and will normatly -
& Gollborgts dive frow 8 'straiaht board' condition. Just prior to the dive, the
Oificar ~+ an ofticer aithorized by him will relieve the Officer of the

oft information specitied in U, 5. Nevy Regulations and Indicate
perisrope: siand) 1 relieve you as Ofticer of the Lack',
#, the just relieved Ofticer of the Deck will rig the

re all hands ave below, procead 1o the bridge- access -runk oné
shut and dog the upper hatch, On arriving in Comtrol,
icer of the Deck, 'Last man down, hatch secured.' He will
icer of the Watch uniess another DOOW has been sssigned,
Deck, having recelved the 'strzight board" report from the Chief
order the Biving Officer % sound the diving alarm,

it

Table IIT-A-17 Diving Bill

dive oy ordering, 'CLEAR THE BRIDGE, CLEAR

& The signal to dive the ship *!t be two ¥
word, 'DIVE, DIVE' paralieied on the IMC, .
aponad on the second blast ! thy alarm; N the §
action will be takan on the second 'Dive’. -3

© In those cases where a quick dive s
or a6 3 (unscheduied) evelution,

'BIVE, DIVE' on the IMC. The bridge watch wif
proximit: to the hach except that the Ofticer of
% secure the upper hatch with the Assistance
On arriving in Comtrol, thy Officer of the Dack:!
QMcer of the Watch, submerge the ship to 120

srder all masts/antennas/periscopes lowered.
o ORicar of the Deck as expeditiously as poss

Actions (CAD Ope

[Wersonnel ] Command Responsibilfties 7 General Tnformation

cmnizant of the state of the ship's 'Rig for Dive'. Once so rigged, he
not psrmit it 10 be broken without the spacifis; permission of the Commanding

L
] | o
4

Kosp himsalt aware of the depth of water and knuw the number and status
all porsonnel topside,

3, Dexapt In an emergenc, ensure that the bridge and bridge equipment are
red for dive,

.1, Secure the upper bridge hatch
that & 1u sasted and dogged cumpletety.

2 Proceed to ordered depth smartly
has been ordered, proceed to 120 feet,
necessary down angle to acquire the orde

3. When & the ordared dapth and
¢ FEET, TRIM SATISFACTORY",
assume speed contrdl by giving a speed
cantrol remains with the OCD.

4, When all compartments have reporig
phones secured, 1

in an emergency, when the 00D is incapacitated, the COW will act as DOOW.

L When ordered, of on the second M
Shut outhoard ventiiation exhaust and
Press ‘Snorkel Shutdown' pushdown N
Sacure the low pressure blowsr,
Turn headvalve contro! switch to cload

Mace two hydraulic pumps in RUN i
trim satisfactory. !

3, On second biast of diving alarm:
Open alt main vents and repont, 'M!
Lower all masts unless otherwiss du

At 50 fost shut all vents and report §

When at ordered depth and with perml
cycle the main vents, one group at a time;
ventilation systems are lined up properly II

Pump or flood variable tanks s orded
When a salisfactory trim is obtainzd,

4 In a quick dive, the COW will opel
@ving slarm and act as DOOW until reliew
obtained by the time the ship reaches 45 4
the vents and preparing to blow main bll.ldd

L. Take control of the stern planes d
the planes in normal power. ‘

3. Coserve proper functioning of &l i
slention to normal and cineigency Slane |

& Procesd with ordered angie to ordl

i
i
il
M

4



IEpc e v N gy B N T A TR T M,

 dive the ship will de two blasts on the diving alarm with the
'parstieled on the IMC, The maln ballast tenk vents wiii be
M blast of the alerm; i the diving slarm doss not scund, this
(on the second 'Dive’,

s where a quick dive is escutad from the bridge either In am
Flunscheduled) evolution, the Oficer of the Deck will initiste the
SEAR THE BRIDGE, CLEAR THE BRIDGE, and passing tha woid,
DIMC. The bridge watch will clear the bridye In order of their

axcapt that the Officer of the Deck shail be the last in order
- hatch with the Assistance of the next to the last man down,

, the Ofticer of the Dock will becone additivnally the Dlvlng

4 submerge the ship to 120 feet, depth of water permitting, and
jncs/periscopes lowered,  He wlll be relieved of the Conn and
Rk 85 exneditiously as possible dependent on the circumstances.

3
1y

@ Shig's hydraulic power can be lost becsuss of elther an olectrical power
tallure or 2 maltunction of the hydraulic plant. Except In the case of major demage
o the ship, hydrauiic accumulstors will remain sufficiently charged atter loss of
+ e powar for the ship to execute a nornat dive or suriacing, When hydraulic
pover i lest and hydraulic accumuistors are hled down, however, members of the
on-weith section shall perform additional duties as prescribed hereln in order to
v the ship Iy hand,

Actions ( ons, In ons, ngs, ke, )

Communication KesponsIDITRTes

) the upper bridje hatch with the aid of the icokout, making certain
and dogqed compietsly,

TV TN ST X7

M to ordered depth smartly and obtain 113 speed trim. It no depth

R angle to acquire the ordered depth smartly,

&t the ordered depth and with a satisfactory 173 speed trlm report
§, TRIM SATISFACTORY'. (At any time prior to this, the 00D may
ieontrol by giving a speed order to the heim), After this, speed

3 with the 00D.

B compartments have reported 'CONDITIONS NORMAL', order JA

proceed to 120 feet, depth of water permitting, Use the ®
slarm.

a straight board is cbtained, and the 00D so orders, order the COW

L When
pass the word, 'DIVE, DIVE' on the WMC, and sound two blasts on the diving

umbrod. or on the second blast of the diving alarm:
d ventitation exhaust and outboard induction valves.
@l Shutdown' pushdown It diesal is running.
low pressure blower,
[ive control switch o clase,
i hydraulic pumps in RUN.  Place Main pump back In STBY when

d blast of diving alarm:
pmain vents and report, "Ail Vents OPEN',
[ masts unless otherwise directed. Report 'All Masts Down', to

B shut al! vents and report same to the DOOW,

tordered depth and with permission of the Diving Officer of the Waich,

b vents, one group at a time,  Ensure that the ship's snorkel and
ms are lined up properly in the recirculate mode,

ffiood variable tanks as ordered.
Ratistactory trim Is obtained, make divitg record entries,

uick dvo, the COW will open the vents on the second blact of the

nd act as DOOW until reliaved by the OGD. If a straight board is net
iime the <hip reaches 35 tet, initiste action to surface by shutting
preparing to blow main baltast tanks,

Pass the word on the IMC *DIVE, DIVE'.:
2, Report © the 00D when. straight boerd is cbtained, er report discrepancies.

AL Vet s

rol of the stern planss &t the outboard control station and test
al powar.

he proper functioning of all instrumentation, paying particuise
sl and emergency plane indication and depth indication.

b with ordersd angle to ordervd dapth as directsd by the DOCH,

% Report to the DOCW, 'STERN PLANES TESTEP_SATISFACDRH.Y‘. or Teport
03,

s st ol LaAlART L ¢ Rkl R N e e A
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Table IIT-A-17 (Coneluded)

Command Responsibliities / Genetal |nformation

Acti~  (C&D Operations, 1nsp 3

L Atsist in rigging «dae for dive and in dogging:

2, Proowd o the low el of the Operations
shomers, hedds, and crew'. verthing area for flooding or of
making inspection, man JA phones in crew's berthing srea,
3. Secure the phones when so ordersd by Control
W ¥sume the Lee Heimsman Watch,

L Retsin his normal station st the inboard cortrol
cortrol of falrwater €W planes, i
2. On the second blast of the diving slarm, ring up A
rodder aniidships; shift FW planes to normal power in two
and then place on full dive. Report to the DOOW, §
TESTED SAT!SFACTURILY’, E
3, Ghserve proper functioning of all instrumentation, :
diartion 10 normal and emergency plane indication and

4, Control FW Flanes to resch and mairtain ordersd ¢
BOOW, When &t ordersd depih steer the previcusty orderdl

L Secure the low pressure blower.

2 Shut the Inboer¢ induction and Intoard nntllm
osiboard induction valves when they indicste shut, €
fow pressure blow stops, Line up ventilation te recircy

3. Chack shut the heed valve operstion eir hull and

L Procsed to the vicinity of the BCP to be svailable
_ Diving Otficer of the Watch or Chief of the Watch,

2. Do propared to assist the Navigation Center Su
shoence, carry out the provisions of hic Juties,

L Assist in rigglng the bridge fo. dive &s directed:
2, Standty the ower hatch, and when the last men
Corer, shut and dog the lower iaich, reporting it ucunq
3. Secure the searchiight and running light circults:
reaches &5 fest, secure the IC circuits to the bridge if
Aunitiary Electrician Forward,

L Remove the IC sultcar: from ihe bridge when uﬂ
2. Procicd © the Control Center upan the first bladti
3, Secure all IC circults to the bridge when the oog

x.mm««rmmmmatm“i
xmnmw«mnms&mmi

f

L On the first blast of the dving alarm, umtrlﬂ

o

1

L On the second bisst of the diving alerm, secure {
running, shut the witboard engine exhaust vaive, and nd
2V when the inboard engine exhaust valve is shut IMI
ovhaust vaive is shut and focked,

2 Rig deset engine and sssocisted systems for nul
In accordence with Engineariny Department Opersting Prd

L Shut the inbodt.i i1 %i o ust oive, tock the |
vk, report completion to the Dlesei Generdtor Wateh, |

2, Assigt Diesel Gererstor Watch as procticable.
3. Une up ventitation system in AMR 4 to recireul

L On the first blast of the diving slarm, mcul
wonel and man the 2JV phones,

2. Obterve the Reactor Compartment through the Wi
report any sbnormal conditions to Maneuvering, ;

L Check the pantry, wardroom, officer nﬂem
fNooding or other sbnormal conditiuns.

L ©n the sacond blast of the diving alerm, mi
for Nooding or ather abnormal conditions, ,;

2 In case of fiooding, shut bulkhead flappers and !

Wbthnmmrbmunmmmlg
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i Actions (C&D Operations, !nspections, Recordings, Etc.)

Communication Responsibilities

>

le the bridge for dive and in dogging the bridge hatch,

e lower level of the Operations Compartment and inspect the ciaw's
# crew's berthing area for flooding or other sbnormal conditions. After
man JA phones in craw's berthing area,

iphones when so ordered by Control and procesd to the Controi Reom
ivimsman Watch,

pormal station at the inboard cortrol station and prepare to take
:tm planes,
i biast of the diving slerm, ring up Ahesd 213 speed and put
Nt FW planes to normal power in t.0 station control. Test

on full dive. Report to the DOOW, 'FAIRWATER PLANES
RILY',

par tunctioning of all instrumentation, paying particular
fand emergancy plane indication and depth indication.

to resch and maintsin ordered depth as directed dy the
depth steer the previously ordered course.

Guw pressure biower.

hoerd Induction and inboard ventilation exhaust and the
jaives when they indicate shut. Check shut the baltast tank
Mops. Line up ventilation to recircutate,

&mmmmmmnuummpm o,

4 When the above actions have been accomplished, report e the Chief of
the Watch, 'OUTBOARD INDUCTION AND EXHAUST SHUT AND LOCKED, INBOARD
INDUCTION AND EXHAUST SHUT, RECIRCULATING',

e vicinity of the BCP to be available for orders from the
) Watch or Chief of the Watch,

Etuslst the Navigction Center Supervisor, and in his
provisions of his duties,

————

ﬁmtmwmomanuam»mmuﬂwumm

:lower hatch, and when the last man has entered the Contret
_ the lower hatch, reporting it secured to the 00D,

Esearchiight and running light circults, Before the ship
ure the 1C circuits Yo the bridge if not siresdy securad by the
f Forward,

ri_lc suitcase from the bridge whent ordered,
Control Center upon the first Mast of the dving slarm,
G drcuits to the bridge when the 00D resches the Control Center.

4 Man JA phones in Comtrol. When &t ordersd depth, order comperiments
W "Repert conditions on the dive'.

jd or on the second blast of the diving slarm, train rader mast for lowering.
andior ECM e the Stancby made unless atherwise erdered.

2 Report ' Rader mast ready for lewering' © the COW,

B Mlast of the diving alarm, cesse transitting,

biast of the diving alarm, sacure the diesel engine, if

engine exhaust vatve, and report 19 meneuvering en

mondglm axhaust valve is shut and the outbeord engine exhaus
locked,

ne and associsted systems for normal submerged running
ineering Department (perating Procedures,

engine exhaust valve, lock the outboard engine cxhaust
to the Diesel Generator Watch,

) Generator Watch as practicable,
tation system In AMR 92 to recirculate,

:Mast of the diving alarm, procesd to the Reactor Compartment
21V phones.

| Reactor Compartment through the viewing windows and
conditions to Maneuvering.

, wardroom, officer statercoms, showers and heed for
conditions,

& Ruport the conditions of the abow spacs 10 the duty cook or messman,

blast of the diving alarm, commence checking compaitmest
 sbnormal conditions,

ng shut butkhead flappers and watertight doors, netiy
s and rig compartment for collision.

3, Report sdnormal conditions existing in the compertment to Control immaedistely,

4 The phones will be manned as sron a3 possidie after each station gus determined
that conditions are normal on the dve, |f conditions ars norntal report In order only
when directed by Control.
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Table III-A-18 Surfacing Bill

© surface the ship witl normally be the word 'SURFACE, SURFACE,
the WAC, Te initiste emergency surfacing procedures, thres blasts on the
ol be ssunded. Elther signal is sufficient ¥ surface the ship.

¥ Assignment of cont
helm and

GEMERAL INFORMATION

control of the stern planes to the outboerd
FW planes to the Inboerd control station

¢
surfacing,

the
ished prier %o

Command Responsibility / Genersl Information

Actions (C&D Operations, inspections, R

A—

b

T Ty T

L Check ol vents SHUT,

L Ensure preper Hineup of hydraulic pumps,
3, Position the Heet Voive Elecirode selector switch on
Hend Volve conizol switch o AUTO, p
4 Tost the mast fiooued lidicsior to assure satisfectory

L Position 10-54 (Induction Mast Fload and Drain veiw).
voves, TD-53 In turn, Orain the indiction mast. When 4

drain velves,

Propore & Surfsce

L. Check MBT low pressure bisw system fines and ventilg
drain wrives, 1

T Uniock cuthoard induction and esonrd ventiistion
‘POWER' position,

3, Open head vaive alr 3:iply valves (B, 1

L Request permission from the Officer of the Deck to
bobwoen sunset o5 sunrise uniess ot darkened ship, e
Nght one Submarine 1dent Hication light, ]

& Chack bridge access ‘runk drain fres of water and,
poriscope depth, request permission from Officer of the
scoess trunk hatch,

el

L Une up appropristed IC clrcults, !

J

L Prepere i o' ws lookout, l!llxlnmcm\lui
2, Heve the IC 5uMcase resdy to take % the bridge, ¢

E

L Order, 'DIVING OFFICER, SURFACE THE SHIP,' B0
2. Ordor spend changes as Necessery, '
3, When the ship Is on the surface and hoiding, o3 bel
poriscope, order the inboerd and outbosrd Induction v
Is equalized, order 'START THE BLOWER ON ALL MAIN |
& Order, 'CRACK THE HATCH', {f there Is no evidened
Pressure vacuum sppears equalized with outside of
3. When report is recelved that the hatch lsmm‘
w‘&t’aﬂm& 1O THE BRIDGE' and 'RELIEVING cmel

2, Order, 'SLOW THE FORWARD GROUP,' and as the nli
ample, 'SLOW THE AFTER GROUP",
3, Contrel planesman and heimsmen s mmmhq
inktisl up angle.
4 When the ship Is en the surfece and holding, uﬂ.
& Turn the Control Conter Watch over to ihe Chief of:
A ll the diving offices is to astume the Deck, M
Is opened,

u snother afficer s 46 sssume the Deck, remain |
capacity, When the ship is cperating on the surfece,
000, the supervisory watch may be secured, .

8, Order the loohoutis) to the bridge, establish mmg

9. When cunditions permit, mplomumllnmd
condition, 1

30 When rellsble communications hae been estabils!
'} AM READY TO RELIEVE YOU AS OFFICER OF THE

SRt e ae ab

e e et Sk S ’
Rhicae i alot: s

AR RN . e L. . L Ii‘



£ Ee B TR THR I YR R O A g %
T T T g L T

{
?
f
3
;

GBERAL INFORMATIOM

M the stern planes to the outboerd control siation and
%:‘M to the Inboard control station witl nermaily be

TR I LT R LT T R iy e L

K e DOOW Is not & quatified Officer of the Dec: (surfaced), & quatifisd officer
% present In Control and be prepsred to proceed to tive bridge and then relieve

Officer of the Dack upon receiving all the information specified in the U, S. Navy
Raguiatiens and Indicate rellef by stating, 't RELIEVE YOU AS WFICER OF THE DECK',

bs (C4D Operations, Inspections, Recordings, Etc.)

Communication Responsibiiities

L The Officer of the Deck shall have the word passed over the IMC, 'PREPARE TO
SURFACE, PREPARE TO SURFACE',

b SHUT,
Nineup of hydraulic pumps.

) vu::mrum swiich on the SCP %0 BOTH and the

Indicator to assure satisfactory operstion,

5. Recelve reports from the Auxiliarymsn Forward and the Navigation Center
Supervisor that they ere ready o surfaca,

6 Ragort, 'READY TO SURFACE' to Diving Officor of the Watch when all ruquired
reports hawe been received

tnduction Mast Flood and Orain Vaive) to DRAIN and open drain 2. Ragort to the Chief of the Watch, ''XILIARYMAN FORWARD READY TO SURFACE'.
o Orain the induction mast. When mast is dry shut the Stand by in COC for additionsl orders.
me biow system Kines and ventilation exhaust mast dry, SHUT 4, Ragort to the Chief of the Watch, 'VENTILATION EXHAUST MAST DRY, OUTBOARD

M Inducton and outboerd wntittion sceust vaives, chack In *he

lhllrummw.

ION AND EXHAUST VALVES IN POWER, READY TO SURFACE',

:

from the Officer of the Deck to energize running liyhts W
sunrise uniess ot derkened ship, Be prepared (0 rig masthesd
p 1dent Hication light,

$ trunk drain free of water and, after ship hes resched
permission from Officer of the Deck to cpen lower bridge

3, Report, ‘LOWER HATCH IS OPEN' % the Officer of the Deck and procesd up into
e bridge acomss trunk.

b

risted IC circults, 2 Men JA phones 1o recelve reports aiid relay to the Chief of the Waich,

-

;;W, sttired in proper clathing and syuipped with binoculers, 3. Stand by tie bride access trunk iadder 1 relsy words to personnel in the trunk,
Biicase roady 10 toke 1o the bridge,

L When resdy, report to the Officer of the Deck, ' INCHES PRESSURE / VACUUM
IN THE SHIP, READY TO SURFACE' -

J OFFICER, SUKFACE THE SHIP,' 1o the Diving Officer of the Waich,
8% NOCSSary,
18 on the surfsce and holding, s cbaerved through the

inbosrd and outbosrd induction valves opsned. When pressurs
ART THE BLOWER ON ALL MAIN BALLAST TANKS'.

THE HATCH', 1f there Is no evidence of flooding, and sfer
squalized with outside stmosphers, order, 'OPEN THE HATCH'.

 received that the hatch Is open and when resdy order,
THE BRIDGE' and 'RELIEVING OFFICER OF THE DECK TO THE

THE FORWARD GROUP,' and as the ship commences % take an up
GROUP',

- nd heimsman 88 necessary 10 achieve 8 3 dxgree © % degree

B 15 on the suriace end hoiding, order, 'SECURE THE AIR.
Conter Watch over 1o the Chif of the Watch,
 to sssume the Duck, procesd to the bridze when the upper

is to assume the Deck, remain in Control in & Supervison
[ship is operating on the surisce, with the parmission of the
walch may be secured, ’

Jutis) to the bridge, establish communications on the bridge.
W pormit, order planes placed in normal surfaced running

munications have been established and when resdy, report
A JEVE YOU AS OFFICER OF THE DECK',

L Heve the word pessed, ‘SURFACE, SURFACE, SURFACE,' over the IMC,
3. Report ¥ the Officer of the Deck, FEEY AND HOLDING'.
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Cemmand Responsibitities / General !nformation

Table III-A-18 (Continued)

2, Blow main ballast tanks as ordered.
3. Open the outboard induction valve when ordered.
& Check heed valve Indicating open,

3, On raceipt of the order 'START THE RLOWEK ON ALL NIl
crder 8 low pressure main ballast tank blow by pessing tM‘
ON ALL MAIN BALLAST TANKS',

6. Check planes placed in normal surfaced running pe

7. After the L. P, blowsr has heen rurning for 20 minuy
Officor of the Deck, open tha L. P, blawer discharge ventil
the blowse shifted from the main bailzst tanks to the ventilg
peisly the word 'SHIFT THE BLOWER TO VENTILATE OUTBOS

Nole It is extremely Importart that the L.P. blower §
requested by the EOOW since the main or aual '
become air bound while blowing up after surfacy

8. Regort the following to the Officer of the Deck as occull
Heod vaive indicales OPEN.
“Outbosrd Induction OPEN, ]
S%wer running on all main ballast tanks, 5
Malr: batiast tank blow compic:e, ventilating sutboard,

Aux. o Wakch
forward

L When orGared to open the indoard induction valve Wi

le-

L Whon orcered 10 start the low pressure blowsr on ald
Open the Inbosrd vantilation exhaust vatve ABT 29,
Open the L.P. blow discharge ventilation exhaust (ABT:
Siart the LLP. blower in siow, then shift to fast,
Open forward group L.P. biow stop (ABT 17, o
Shut the L P, blow discharge ventilation exhaust (Alti
Open after group L.P. blow stop (ABT 13). i
Start the Main Induction Fan Gan 1} in slow. i

2. When ordered to shift the low pressure blower to
Mow discharge ventilation exhaust (ABT 16} and shut the M
velves (ABT 13 and ABT 1IN, g

3, It ordered o sacure the biower, stop the blower and ¢
Mow stop vaives (ABT 13 and ABT 17) and the inbeard

L. Maintain a 3 degree to 5 dagree up angle if posslbﬁ
the Diving Officer of the Watch,

2, Place the rudder amidships umtil the ship is sumatj
of the heim and steer ordered course,

3. Pirce planes In EMERGENCY on zero uniess otnmms]

L. When ordered by the Oificer ot the Deck, uukqnnd
R is held on the latch.

*2, When erdered by the Officer of the Deck, mnthculd
3. Praceds the reileving 00D 1o the Bridge. 4
" & Rig ¢own the bridge clamshells and assist the 00D lm
5. Check upper hatch rigged for dive and clear. :

L When ordered by the Officer of the Deck, promdml
In rigging bridge for surface,

1, When ordered by the Officer of the Deck, vromd\oﬂ

sulicase,
& Check the bri |Cmq1(ldosfrndwlhr leu
'SUITCASE READY' to the COD,

"%, When directed by ths 00D, lay betow, energize the |q
bridge MC svltches In the proper positions.

it w3k R b ST
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Actions (CLD Operations, Inspections, Recordings, Etc.)

Communication Responsibilities

’ﬂn ballast tanks as ordered,
h outbosrd induction valve whan ordered,

lnll vaive Indicating open.

” of the order 'START THE BLOWER OM ALL MAIN BALLAST TANK '
sure main ballast tank blow by passing the word 'START THF £: OWER
N BALLAST TANKS'.

ha piaced in normal surfaced running position when ordered,

% L.P. blower has been running for 20 minutes, or when directes by the
Deck, open ‘he LP. blower discharge ventilation exhaust vaive and order
fted from the main ballast tanks to the ventilation exhaust mast by

'W‘ 'SHIFT THE BLOWER TO VENTILATE OU{BOARD',

ll is edromely important that the L. P. blowsr be secured Immedistely
frequested by the ECOW since the main or suxilisry sea water system may
m alr bound while blowing up after surfacing.

i!h followng 1o the Officer of the Deck as occurring:
Wove Indicates OPEN,

pé induction OPEN.

Frunning on ali main bellast tanks,

hm tank blow complets, ventilating outbesrd,

L When ordered, pass the word 'SURFACE, SURFACE, SURFACE' on the IMC.

m to open the inboard induction vaive WH-3) do g0,

?hn‘hstmtmm’mwrobimrmdl main bailast tanks:
inbosrd ventilation exhasust vaive (ABT 25),

L.P. blow discharge ventilation exhaust (ABT 18,

e L P. blower in sicw, then shift to fast,

Weward group L.P. blow stop (ABT 17, '

o L.P, blow Ascharge ventilation exhaust (ABT 16),

for group L.P. blow stop (ABT 13,

in Main Induction Fan Fan #1)in slow,

o shift the ku pressure biower to ventilate outboard, open the L.P,
ventilation exhaust (ABT 16) and shut the MBT low pressure blow stop
B and ABT 1IN,

fod 10 secure the blowsr, stop the blowsr and shit the-MBT-

{ABT 13 and ABT 17 and the inboard ventilation exhaust vaive (ABT 5)

8 3 degree to 5 degres up angle if possible untit ordered otherwise by
of the Watch.

rudder amidships until the ship Is surfaced, at which time take cmm
:“ stosr ordered courss,

in EMERGENCY on zero unless atherwise ordersd,

red by the Officer of the Deck, crack open the upper hetch, ensuring

N the latch.

: by ihe Otficer of the Deck, cpenthe uppor haich,

Ib tire relioving 00D 1o the Britge.

i the bridye clamshelis and assist the 00D in establishing communications,

Eupper hatch rigged for dive and clear,

nbytmOﬂlwd‘he Deck, proceed to the bridge and assist 00D
ye for surface.

d by the Officer ¢ the Deck, proceed to the bridge with the IC

ity IC receptacies iree of weter, plug in the IC sucase and report,
DY' the 000,

Sallrectsd by the 00D, lay Lelow, enargize the 1€ circults and place the
witches In the proper gasitions.

N o S -
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Table III-A-18 (Coneluded)

) An Alriess surface Is accomplished by planing the ship to the surface
with sunm speed %0 maintain a partlally surfaced attitude white the induction is
i ond the low pressure biowsr is started on the main bailast tank iow pressure

P AR IR WW’"’W‘W
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Command Responsibility / General Information

Actions (C&D Operations, 1

2, When the order, 'SURFACE THE SHIP,' lsi
Order sufficient spesd to maintain hdﬂ
Roise the snovkel mast, 4

When hudvﬁwlscmrdthouorm“
the outboard induction v ° i cpened.

Order the low pressure blower started,
Order speed changes as neckssary,

When the L.P, blow has increesed byoyant

. surface with the planes o~ 2erc, order the upl
ovidence of flooding, =  afler pressureivacuumi
&mosphere, order th ..*ch opened, .

Nolx  The Officer of the Deck must ensun
ship has sufficient positive buoyang
the ship © resubmerge.

The Diving Officer of the Watch shall care
pressure air will not be used and the ship wilk
degres to 5 degres up angle.

The Chief of the Watch sahll carry out ™
pressure air will not be used and the L.P, bla

Otficer of the Deck,
|

Emergency Surface., Certalin tactical and emergency situstions may require
Immediste surfacing of the ship without the usual preparatory procedures associated
with a normel surfacing. The following procedures shall be followed:

| emeRGENCY SURFACE |

00b

L lssue specific orders for emergency blowil
BLOW ALL MAIN BALLAST' or 'EMERGENCY BLO

2 When the ship is well on the surface and

3. Order the lower andJ upper bridge access |
nermal procedurcs,

4 ARer surfacing, ordsr the outhoard indue
report that the induction mast is dry and outh

L Upon hearing the word to Emergency blow
2 Control up angie 50 a3 nus to excesd 20 ¢
3. Corry out the remainder of normal surfm

L Check ol vents SHUT immediately,

"2 Emergency blow main ballast tanks when
3. Ensure proper Hneup of hydraulic pumes.
& Corvry out remainder of normal surfacing

Do not order the L, P, blower started unt
ventilation exhaust mast have been reported &

.*," CREW

21l other membars of the diving party ca
opeditiously, Including those duties normaily
order, 'PREPARE TO SURFACE', Make prescrl

by T e Nt e g g e 2 e f o R B
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f AmEss sureace |

The normal surfacing procadure shall be followed except &

oy e ST

Actions (CLD Operations, !nspections, Recordings, Etc.)

Communication Responsibitities

When the order, 'SURFACE THE SHIP,' s given:
Jriur sufficiont speed to maintain head veive clear of waler,
laise the snorkel mast,

head valve is clear of the water and maintaining clear of the water, erder
) induction vaive opened,

Jréor the low prassure biower started.
speed changes a3 necessary.

the L.P. blow has Increesed bycyancy sufficiently bo hold the ship on the
with the planes on zero, order the upper hatch cracked, |f there is no
of tlooding, and after pressure/vacuum appears squalized with the outside

, order the hatch opened.

The Officer of the Deck must ensure, prior 0 opening the hatch, that the
ship has sufficient positive buoyancy 19 preciude the waves from causing
the ship o resubmerge.

1. The Officer of the Deck shall have the word passed over the IMC, 'PREPARE TO
SURFACE WITHOUT AIR, PREPARE TO SURFACE WITHOUT AIR',

Diving Officer of the Watch shalt carry out normal procedures except high
sir will nat be used and the ship wil be planed to the surface using a 3
) %0 5 degres up angle.

%> “hief of the Watch sahil carry out normal procedures except that high
* 5 slr will not be used and the L P, biower will be started on orders of the
W of the Dack,

[ emercency sureace |

i 'ﬂ?‘”ﬂ?«rww

) spacific orders for emergency blowing of main ballast, 1.e., 'EMERGENCY
FALL MAIN BALLAST' or 'EMERGENCY BLOW THE FORWARD GROUP',

the ship is wetl on the surface and holding, order 'StCURE THE AIR'.

Drder the lower end upper bricge access hatches opensd in accordence with

¥ procedures,

WMRer surfacing, order the outbosrd induction valve opened aiter recelving the
-that the infduction mast is ¢ry and outbaord valves are in POWER and uniocked.

hearing the word to Emergency blow, sound 3 blasts on the diving alarm,
ol up angle 30 a3 not to excaed 20 degrees up angle.
out the remainder of normal surfacing duties.

tk il vents SHUT immoediately.

Emergency biow main Galiust tanks when ordered.

fnsure proper lineup of hydraulic pumps.

: out remainder of normal surfacing duties sxcept:

e not order thé L9, blower started urtil low pressure blow lines and
Hon exhaust mast have besn reported dry,

AN other members of the diving party carry out normal surfacing procedures
Riously, Including those duties normally accomplished following the preparatory
k. 'PREPARE TO SURFACE'. Make prescribed reports.
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# Ship's propulsion may be accomplished by operation of the main propelier shat
using one or both main turbines or the Emergency Propuision Motor, or by operation
of the Secondery Propuision (Outboard Motor, The Outboard Motor may be operated
singly or In conjunction with operation of the main propelier. Procedures for the
control of propulsion mode, direction, and rate are established in this bill. Prosedures
for operation of propulsion equipment are delinested in Enginesring Departmant
Opersting Procedures and Instructions,

Table III-A-19 Propulgion Bill

GENERAL INFORMATION

& Promgt and proper propulsion orders and immediate, o8
orders Is essantial to the safe operation of the ship, Tha (
must be kept fully and promptly informed of limitations or i
piant modes and electric plant lineyps. This information s
nesring Ofticer of the Watch (EOOW) in terms usable te:

by stating the bett or approximate numbers of turns te
M mm than stating vacuum, temperature, etc., lim

374

Actions (C&D Operations, Inspecti

Personnel Command Responsibilities / General Information

L Direct the Ensineer Oficer of the Watch (£00 "
be employed as follows: ;
Shifting propuision to the maln engines: 3
Direct the EOOW 1o *Shift propuision to the §
When the EOOW has reported ‘Ready to shify

order 'ALL STOM to be rung up to signal the EQ .
Shiting propuision to the EPM:
Direct the EOOW to *Shift propuision %o the §

. When the EOOW has reported 'Ready to sh
'ALL STOP* %0 be rung up %o signal the EOOW h_,’

Operating the Secondary prapulision (Qutboard.
Direct the EOOW to 'Lower the Outboard, teg

When the Outboard has been reported
Heln,sman to 'Test the Outboard',

When the Outbosrd is no longer needed

2. Control the direction and rate of propulsion byg
following terminology:

Main Shaft
To obtain standardized speed Increments:
'ALL AHEAD ONE-THIRD (TWO-THIRDS,
‘ALL BACK ONE-THIRD (TWO-THIRDS, F
‘AL STOP*

Teo tbialn other than @ standardized smd
Engineer Officar of the Watch using following

WAKE _(esired number) _ TURNS," or |
WAKE _(desired number)  knots by log!

To obtaln rapid response to an ordered wn
cavitetion, order & jump beil.

Secondary Propuision (Outboard) Motor:

Direct the heimsman ® TRAIN THE OUTBOA
eward which it is desired to move the ship's stel

MO«MI: mﬂdhuttdmlbl

. ,,,j. - WO

M Outboard is temporarily not nu“
3 When advised of & Reactor Plant SCRAM:
Order 'ALL STOP',
Exscite the Reduced Electrical Power RilL

The Officer of the Deck will, i any smemend
roquires maintaining turbine propulsion, order M
0 given to Manevering at the first apportunity, -

Order propulsion shifted to the EPM after it i
wnr Is not required, 4

Man the JA phones In control, o
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GEMERAL INFORMATION

| sreper propulsion orders and immediate, correct responsa to these
Il to the safe operation of the ship. The Officer of the Deck (00D}
P and promplly Informed of limitations or changes to propulsion
:#lectric plant lineups. This information should be provided by the
Eor of the Watch (EOOW) in ts:2"5 usable to the needs of the 00D
$he bell or approximate numbe. » of turns to which the plant is

M, siating vacuum, tempersture, dtc., limits),

¢ The proper method of answering bells on the main engines is dependent upen
the condition of the ship and the urgency of the situation. The following gquidelines
»iy:
Surfeced Operate propulsion equipment so as to sttain the ordered belt without
regard b cavitation,
- Submerged:
During normal conditions operste propuision squipment so as to prevent
cavitation of the propeller while attaining the ordered bell.
During casuaities which require rapid propuision response Flooding, jam
@virise, otc.) or when ordered by the Officer of the Deck (signaied by a jump bell,

l.a. 1/5 to Standerd, 213 to Full, elc.) operate propulsion equipmaent so as to attain
the or':x bell as rapidly a5 possible, without reyard to cavitation and within plant

"jﬁ'-'.'-f‘x:- EE AT N ey

Actions (C&D Operations, Inspections, Recordings, Etc,)

Communication Rasponsibilities

the Engineer Officer of the Watch (EOOW) as to the propulsion mode to
& follows: .

ng propuision o the main engines: '
vPirect the EOOW %o 'Shift propuision to the main engines',

iWhen the EOOW has reported 'Ready to shift propulsion to the main engines,’
I 'ALL STOP* to be vung up to slanal the EOOW to shift propulsion to the main engines,

the EOOW to 'Shift proputsion to the EPM'.

the EOOW has reported 'Ready to shift propulsion %o the EPM,' order
10 be rung up to signal the EOOW to shift propuision to the EPM,

ng the Secondary propuision (Outboard Motor:
Pirect the EOOW to 'Lower the Outhoard, test, and shift to remote’.

the Outbourd has been reported lowered and shifted to remate, order the
to ‘Test the Outboard',

iWhen th. Outboard is no longer needed order the EOOW to 'Rig in the Outboard’,
fntro l:u direction and rate of prow 1 by orders to the Helmsman using the

E To ablain standerdized speed increme

ALl AHEAD ONE-THIRD (TWO-THIRDS, STANDARD, FULL OR FLANK)',
- *ALL BACK ONE-THIRD (TWO-THIRDS, FULL OR EMERGENCY)',

AL STOM

E Yo ablain other than a standardized speed increment, control speed by order %0 the
boer Officer of the Watch using followir~ = minology:

4 MAKE  (desired number) TURNS,' or ‘MAKE TURNS FOR KNOTS®,
WMAKE (desired number)  knots by log'.
i To cbéain rapid response to an ordered bell when submerged, without regard to

 Sract the heimsman 1 TRAIN THE OUTBOARD TO ," (relative beering
which 1t Is desired to move the ship's stern),

 When Outbourd is resorted to be trained o the ordered bearing, 'Start the

£ When Outboard Is tamporarily not nesdsd, 'Step the Outboare’.
Ihon advised of 2 Reactor Plart SCRAM:

'ALL STOP",

% the Reduced Electrical Power BilL

Ofticer of the Deck will, i any smergency ship condition exists which
maimtaining turbine propulsion, order the necessary bell. Confirmation will

Jt % Maneuvering at the first opportunity.

pdor propuision shifted to the EPM after it is determined that rapld response
g 18 not required,

the JA phones in control,
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Table III-A-19 (Continued)

Command Responsibillty / General Informantinn

Actions (CED Oparations, In

Secue the rig for ryduced electrical power
Shit propulsion back tc the maln engines

Shat Himitations shall not be excesded except in an emergency as directed by the
Commanding Officsr. The Enginesring Officer of the Watch will ensure that other power
plart operating limitations spacified in the Engineering Department Operating Procedurses,
the Reactor Plant Manual and other directives trom higher authority are not exceeded,

_ the shin

L When directed 0 'Shift propulsion o the mald
Worm up the main ngines as necessary, .
2, When directed © Test the shaft on the maln §
Rell the shaft in the ahead and astern &
the ship.
3, When direcied 10 'Shift propulsion %o the E
Statien » wakch % the EPM,
Estatilsh JA phone communication between thy
& hen directed 10 Test the shaft on the EPM', ;
Roll the shaft in the ahead and astern directief

$. When dirsctsd % ‘Lower the Outboard, test
Lawer the Secondery Propuision Motor,

Lecalty close the Secondary Progulsion Motor 4
starts, epon clrcult breaker,

Lacatly train the sacondery propulision motor
molar 0 0 degrees reiative, :

ShIN Secondery Progulsion Motor Control %o
& When directsd 0 'Rig In the Cutboard’, ‘
Shift Secondery Molor Cortrol to Local, :
Teain the Secondery Propulsion Motor to the §
Retract the molor.
1. When standerdized speed incruments are

Acknowledye order by matching engine order ¢
snswer (he ordered dell, ring up STOP and Inform 1
caualty via TMC, 2

Shaft RPM will be the particular RPM shown
bell, unless a different RPM is specitically ordered!
bell signal cancels any previously ordered RPM,

Operale propulsion equipment to attain the
following RPM-Bell Table:

Progulsion on Main Turbines: (Surfaced

[T L1} i
AHEAD Ine-third o
Two-thirds I
Standerd 120 1
Fu 50% (4 :
%0 ™
Flank 100% or q
) m
BACK One-thire %
Two-thirds ™
Full 0 .
Emergency 200 for 515.

Mol When FLANK or BACK EMERGEY
main Coolant Pumps will be s

Propulsion on Emergency Propulsion Morer

bt Rew sud

ane Sul

NEAD OR  Onethirs  Minimus
BACK Two-thirds Maxtmum)
3
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. Actons «:&b Operations, Inspections, Recordings, Etc.) Communication Responsiblilties
ﬁn rig for reduced electrical powsr when reactor plant is reported seif- sustaining. :
Ipuision back 1o the main engines when maneuvering reports resdy.

Brected to 'Shift propulsion to the main engines', When the main engines are warmed W, report to the Officer of the Deck, 'Resdy
Jp the main sngines ss necessary. 0 ShIR progulsion to the main engines'. ‘

; When 'All SW' Is rung up, answer 'AN Stop,’ *hift propulsion e the main
Brected & Tast the shatt on the main engines’. agines and report 10 the Ocer of the Dack 'Answering bills on the main engines',

fpmmmmu«mmdmﬁm being careful nat %o put way on
Report 4o the Officer of the Deck, Tested the shaft en the main engines, test
firected o 'Shift propulsion to the EPM', factory,'

) & wakch at the EPM, - _ ‘ .
I JA phone comminication betesen the EPM cpershr and Maneuvering. Repec( ":::T of the Deck, ""’A':L ‘:::P"":::” o :“l' ":;m - 3
4 \ When 'ALL $ rung up, snswer ' ", shift propuision .
fireced to Test the shatt on the EPM'. ond Teport 1o the Officer of the Deck ‘Answering beils on the EPW', 3
Pmmmmmmammwmumumnmmm 3
£ Report to the Officer of the Deck, Tested tho shaft on the EPM, test
pwumzmw«.mmsnmumn salisfaciory’,
il Secondary Propulsion Motor, ‘T
 close the Secondary Produlsion Motor citcult bresker, check that mator 3
clrcult bresker, '
train the secondary propulsion motor 10 degrees In each direciion, train
Wegrees relative. ;
3

Propulsion Molor Control to Remote, Report 1 the 00D, 'Outboard Loweced, Tests satisfactory and Shifted to Remate’,
© ‘g In the Outboerd",
Mator Control 1o Local, ,
Secondery Propuision Motor o the housing position. :
 the moor. Report %0 thv 000, Yhe Outboard s rigged In’, 1
o spied Increments are ordared via the Engine Order Telegraphy 3

j orisr by matching engine order telegraph pointers. 1f unable to 3
erdered bell, ring up STOP and inform the 00D of the difficulty or 4

will be the particuler RPM shown on the bel) table for the ordered
'8 different RPM is specificaily ordered by the Officer of the Deck. A new
s any previously ordered RPM,

propuision equipment to attain the ordered speed in accordance with the
-Bell Table:

Julsion en Main Turbines: (Surfaced and Submerged -rJ
7] am
Pl One-third ©
] Twe-thirts » !

Standurd »
i Fuk 50% (W MCP In SLOW) i
s 10 (¢ MCP In FAST) ]
Flank 100% or RPM limitation 1

ot L]
? Ona-4nind % !
Two-ihirds ]
E Full " i
Eergency 200 for $ minutes
Mok Whan FLANK or BACK EMERGENCY Is ordered the i
: main Coolart Pumps will be shifted to FAST speed. :

o A

fslon on Emergency Propulsion Motor:

ol RPM Surfaced 3
= and Submerged ‘ %
Ok Onethird - Minimum Kpproximately 220 i
Two-thirds Mudmum (Approximately 30 } J

i
111-74]
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Command Responsibility / General Informatien

Tdble III -4-19 (Concluded)

R shait be the responsiillity of the Enginesring ONicer of the Watch to answer
belle promptly and accurstely and comply with approved Operating Procedures, the
Reackr Plant Manual and other directives from higher authority, He thail inform
OMficer of the Deck of any sbnormat propulsion limitations,

Man the JA phones in i
JA phonat, the following:

Caute of SCRAM whon §
When commencing a
When the reactor is ¢l

E |

S i

P!

¥ fenonnel
sl 00w
A T S

g .

N

.

' | 3

§ H

O

(oo

£ £

v H H

s t

by

s

¢ ;

§

S

gl -
o Helsisman
¢

-

,_:

Y

e

order Awlograph, 1 the ordel
the Officer of the Dack that, '

2 When ordered o TEST §

Check that the LOWERER
Mater Control Panet,

Shut the Secondery F
CLOSED light comes on,

As 300N 3% bresher
% Train the Secondery
¢ 3 When ordersd 0 TRAS
Deprass the TRAIN R}
he Secondery Propulsion My
points %o t-3 ordersd train
& When erdered %o 'STAR
3
)
g
3
.
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Actions (C&D Operations, Inspections, Recordmgs, Etc.)

Communication Responsibilities

T

g

i e

Ll ~ o b d

I

& Wnen ordered 1o, 'Mak? Turns'.
Adjust the speed of the main st to ablain ordared RPM,

% When erder. 0 'Meke knots by log':
Adiust the speed of the main Shaft to cbtaln ordered knols by uncerweter loy.

M o the resclor plat SCRAMS:
Shut the main engine throtties and indicate STOP on the Engine Order Telegraph,

Answer bells as ordered, © directed to shift propulsion to the EPM, shift
propulals - ond report 'Answerlly Beils on the EPM',

Men the JA |- .0es in Maneuveriin;.  Report 10 the Officer of the Deck via the
JA phones, the following:

Cause of SCRAM when known,

When commencing a fast SCRAM recovery.

When the cesctor it critical,

When the reacior glant Is seif sustaining.

When Tge is in the green band and mareuvering is reecy to answer ail bells.

Tomedistely atvise the Oicer of the Deck of the cesualty,

L When & strwiardized speed Increment is ardered (0.9, ALL AHEAD ONE-THIRD),
Move the engine order teiegraph pointer to the ordercd spesd,

Observe that the enjine order telegraph response pointer muves o the ordered
poud, acknoviecging receipt of the order by the propuision control station. I an
Is not received immedistely, depress the signas button on the engine
order Selegraph, 1f the order remains unacknowledjed following this actl..), sdvise
the Oficer of the Deck that, '(ORDERED SPEED) has not baen answered',

2 When ordered 1o TFST THE OUTBOARD":

Check that the LOWERED and REMOTE lishts are on at the Secondery Propyision
Moler Control Panet,

Shut the Secondary Propuision Mator circult breaker. Cbserve that the BREAKER
CLOSED light comes on.

As s0on & bresker closad light is cbserved to be lighted, oran thie circult bresker,
Train the Secondery Propulision Motor 180 degrees in each direction,
3, When ordered %0 'TRAIN THE OUTBOARD TO "

Depress tihw TRAIN RIGHT or TRAIN LEFT push button to move the mudel ship en
e Secondery Propulsion Motor Cordrol Panel, via the shortest route, until its bew
points ‘o the ordered train angle.

4 When erdersd %o 'START THE OUTBOARD":
Shut the Secondery Proputsion Mator Cir it Breaker,
Chsarve that the circuit bresker CLOSED light goes out.
S. When erdered 1'STOP THE CUTBOARD'
Opon the Secondery Propuision Motor Clrcult Bresker,
Observe that the circult breaker CLOSED Hght goes aut,

Ackouwiefye the order by evact repeiltion .9, ALL AHEAD ONE-THIRDA!

When engine order telegraph response polrter moves to the erdered
o the OMficer of the Deck, 'Answers (Ordered Speed'.

Rupert o the 00D, 'OUTBOARD TESTS SATISFACTORY',

Acknewiedge erder by omct repatition,
Reoc:t OUTROARD TRAIMEDTO .

Ackmowiedge srder by exact vopetition,
Rigort ¥ the UOD, ‘OUTBOARD STARTED',

Acknewledpe the order y exact repetition,
Report 1o the 000, 'OUTBOARD STOPPED',

it ol
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Communication Responsibiiities

actions, Reccrdings, Bc.)
Nered RPW,

;nnmmvyummu.

;

JoP on the Engine Order Telegraph,
:wlshn to the EPM, shift

| the Officer of the Dack via the

P

%nlsndybmmwls

immodiatoly atvis) the Officer of the Deck of the casuslty.

o
M le.g. ALL AHEAD ONE-THIRD),
j ordored speed.
e pointer moves to the ordered
Juision control station. 1f an
the signal button nn the engine
Jod following this action, advise
‘nu been answered',

?on a the Secondery Propulsion

F" Obsarve that the BREAXER

lighted, open the circult bresker,
joes 'n each direction,

 button to move the model ship wn
fthe shortest routs, until its bew

Acknewiedge the order by exact repetition le.g. ALL AHEAD ONE-THIRDY',

When ergine order Se'egraph response pointer moves % the erdered speed report .
® the OMicer of the Deck, 'Anmcommsm

Raport e the 00D, 'OUTBOARD TESTS SATISFACTORY',

Acknawiedpe order by emct repatition,
Repnt "OUTCOARD TRAINED TO ',

AL

;
Sreskar. Ackowiedge order by exact repetition,

wes o Nipert 1o the COD, 'OUTBOARD STARTED",
Sreskar. Acknewiedye the order by amzt repetition,
goes out, Repert 1o the 00D, 'OUTBOARD STOPPED',
]

III-75
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Table. III-A-20 Ventilation Bill

Thare are fve baslc medis in which the ventilation system may be dperated. © The SNORKEL mode desciibes the meamd

‘ A brief @aacriplion of each of these modes s 2 follows: hm&ﬂ:lmﬂﬁmﬁmﬂ:¢
i o Thw RECIRCUAATE meds dofines the normal mate of eperstion of the ventilstion system. Schausirg 8ir from the ship's Interior theg
D By this mathed the air witrin the ship Is continuously circuisied in a closed systom o et o
et camprised o the ship's sizx compartments, Recircutation is normally employed during p
prefonged periods of submergencs when it Is necessary to mainiain a sealed stmosphers, @ The EMERGENCY VENTILATE node Is thed

As the air Is circulated It is purified by passage through charcoal filters, precivitators. compartment of atmospheric contaminents of

COp Scrubbers, CO/Hy burnars and is revitalized by the addition of oxygen from the v ather cbjectionable cr noxious gases. I

Nypen gonergiors or oxyen storage benks, RECIRCULATE is the line up to which the Inte the compartment while a second path I{

syshem will be sulomatically returned followiig completion of or securing from any ather the diessl enging or the low pressure biowd

@ede of ventilstion, e line up for emergency ventilation.

& The VENTILATE mode describes the means by which air is contnuously dram (o
the ship thraugh the induction piping while air frum the ship's Interior is exhausted
the vertiltion exhaust piping using the Low Prassure Blower,

hreupt
[Personcel Command Responsibilities / General Information Actions (C&D Of
‘1000 The recirculate mode s the normat ventilation line up. The ventilation system will E
% automatically returned to 'RECIRCULATE' alignment on securing from sny other
wontilation evolution,

AR Compant - ) On receipt of this word all com
+nfm Walchas 'RECIRCULATION' in accordence with

VENTILA

1. Position the electrode selector
2 Pesitien the hesd velve centrol
3. If icing conditions exist, ptmt'“

5. When ordered by the Officer of
UP indication, -

6. Chack that the head vaive OPEN
Is sbove the water,

1. Test the mast ficoded indicator.

5, With the ship at Snorkel Depth
TEST THE HEAD VALVE', cycle hesd W

To Inktiste Ventilation wtilizing test button and 'Manual Emet

Iindicaion at BCP with 00D's visual @

9, When no water flow is indicated if
shut drain valves T0-52, TD-53, TD

L Open tha drain vaives (ABT 19, 2
Slow system lines and the vontlluluh

2. Check MBT lumssunbmnl
ventilation exhaust mast vatve (ABT M

!.mmmmuwonmnmd
B »

4 A veritying that the |n0.n:tlm
vah s (VH-))

L Uniock the Outboard Ventitation l
2, Unlock the outboard induction vd

3, Open the hull and backup valves i
mtrd Hn 3 to the head valve (VH-1

Navigation
Conter

Wekch

-.'n‘ w- L Line up ventilation system in q
7™

Halmaiatn

1

-]

!
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CENERAL INFORMATION

©) The SNORKEL mods describes the meams for ventlisting the ship by providing air
through the induction piping as described above for the 'VENTILATE' mode while
ahsisting sir from the ship's interior through the diesel engine and the snorkel

AR AT v Kt MRS TR SN s e, L

@ The RAPID VENTILATE modid
shp. In this mode air is conff
while air from the ship's Int

w“""“' axheust systom, Detalled procedures for snorkel cperation are provided In the Snorsel Bik, and sneriel axhaust sysiom usl
jod during and are at further discussed in this bill, Aty f these modes mey i
} stmosphere. @ The EMERGENCY VENTILATE mode is the means used for evacuation of a specific smergency conditions, as dictal)
iors, compartment of aimospheric contaminents such as smoke, toxic gas, radioactive contamination the ship is controlied by fan, o
the or other cbjectionable or noxious gases. In this mode a supply of fresh air is established in the Compartment Bills, 3
i which the Inde the compartment while & second sath is established to exhaust ite contents using either ' Allonmont o ¢ ¥
i sy cther the dlesel engine or the kw prossure biower, Addendum 2 and Comgartment Bills specify .r:' mm !
H s - m‘ m "t . 1
i B3 ine vp for ventlisticn. acting on the area of an i
o inko of vory real hazard to
EM
E | RECIRCULATE MODE |
mation Actions (C&D Operations, Inspections, Recordings, Etc.) 4
L The ventilation system will The Officer of the Dack shall hy
ring from sny other =

On receipt of this word all compartments will rig the ventitation system for
- "RECIRCULATION' In accordance with the Compartment Bill,

l VENTILATION MODE ]

1. Order 'FREPARE T0 VENTILATE
2. Order snorkel mast raised. -

memmmm<

2, When the Chiel of the Watch 1§
OMficer of the Deck, *READY TO

L. Position the electrods selector switch on the BCP & BOTH,
Z Pesllien the haad valve centrol switch on the BCP at AUTO,
3. It icing conditions exist, place the elcctrode heater switchos on the

3. When ordered by the Officer of the Deck, raise the snorkel mast. Watch for
UP indication, -

6. Check that the head vaive OPEN light on the SCP aces on when the hesd volve (VH-1)
is shove the water,
7. Test the mast ficoded indicator,

8. With the ship &t Snorkel Depth and when ordered by the OF zer of the Deck
TEST THE HEAD VALVE', cycle head valve (VH-1) and check operation of electrodes
wtillzing test button and 'Manual Emergency Close' valve. Check head valve position
indicaticn at BCP with 00D's visual observation of head valve position,

9. When no water fiow is indicated in the induction mast drain line sight glass,
shut drain valves T0-52, TD-53, TD-54, ALP 256 and ALP 257,

Open vent valves (ALP 256, AL‘
without pulling a vacuum in the in

Open induction mast drain vaivg

30, When ail reports received, repé
'READY O VENTILATE", -

ROV PEE PR

L. Open the drain valves (ABV 19, 20, 21, 22, 23 and 39 and drain the Low Pressure
Slew system lines and the ventilation exhausts masts,

2 Ch .k MBY fow pressure blow valves (ABT 13 and ABT 17 shut and check
wentilation exhaust mast vatve (ABT 16) open,

a;.mun ventilation exhaust mast Is dry, shut drain valves BT 19, 20, 21, 2,

4 After veritying that the Induction mast Is drained, open the inboard induction
vave (VH-3

B
5. Report 10 the Chief of the Wald
¥

Al LT

-2
Kl

L Uniock the Outhoard Ventilation Exhaust Valve (ABT 24) and place it in power.
2 Unlock the outhoard induction valve (/.4-2 and placs it in power,

3. Open the hull and backup valves (ALP 239, 240, 244 and 245) in the pneumatic
control lines to the head valve (VH-1)

X Report 10 the Chiel of the Wald

3
i

L Line up ventilation system in accordance with posted compartment bills.

—
2. Report to Conirol when llndqi

———|

L Man JA phones to receive
Chief of the Watch,

i
5
3
:
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ventilating the ship by providing alr
fove for tne 'VENTILATE' mode while

the diesel engine and the snorkel
operation are provided in the Snorksl BIN,
(
hoans used for evacuation of a specific
ph as smoke, toxic gas, radioactive contamination
ihis mode a supply of fresh air [s established
sastablished to exhaust its contents using either
¢ Addendum 2 and Compartment Bills specify

JE MODE

o The RAPID VENTILATE mode is the means of maximum replenishinent ¢f air within the
shp. (n this mode air Is continuously drawn into the ship through the induction system
white air {rom the ship's interior Is being exhausied through both the ventiistion exhaust
and snorkal exhaust system using the Low Prassure Blower and Diesel Engine Respectively.

Aty of these modes may be used surtaced or st snorkel depth, under acrmal or
omergency conditions, as dictated by the existing situation. Distribution of sir within
the ship is controlied by fan, valve, damper, door, and fitting conditions as specified
in the Compartment Bills,

Improper Alignment or operation of the ventilstion system can produce differences in
pressure betwesn the compzrtments of the ship. Even a one-hall inch pressure differantial
acting on the area of an inter-compartment watertight door can produce a condition
of very real hazard fo personnel operating the coor,

fatlons, inspections, Recordings, Etc.)

Communication Responsibilities

"

g

The Olficer of the Deck shall have the word passed over the IMC 'RECIRCULATE',

b
ments will rig the ventilation system for
Compartment Bill,

L, Order 'PREPARE TO VENTILATE',
2. Order snorkel mast raised,

&.

L Heve the word passed over the IMC, 'PREPARE TO VENTILATE, PREPARE 10 VENTILATE.

2. When the Chief of the Watch reports, 'READY TO VENTILATE', report 10 the
Officer of the Deck, 'READY TO VENTILATE'.

fr on the BCP ot BOTH.
on the BCP at AUTO,
glectrode heater switches on the
f Dok, raise the snorkel mast. Welch for

on the SCP aoes on whan the head valve (VH-D

when ordered by the Otficer of the Deci
10 (VH-1i and check ope:ation of electrodes
Close' valve, Check head valve position
ation of head valve position,

ythe induction mast drain line sight ylass,
"ALP 756 and ALP 257.

4 Direct the Auxiliaryman Forwary or Auxiliary Electrician Forward to:
Position the induction mast drain vaive (TD-54) to the drain position,

Open vent vatves (ALP 256, ALP 257) n mast blow line 1o allow the mast %o raise
without puiling a vacuum in the induction piping,

Open Induction mast drain valves (TD-52 and (TD-53)

10. When all reports reczived, report ic the Diving Officer of the Watch
‘READY TO VENTILATE',

2], 22, 2 and 39 and drain the Low Pressure
sts masts,

ps (ABT 13 and ABT 17 shut and check
bopon,
15 dry, shct drain vaives BT 19, 20, 21, 2,

is 'drdnod, open the inboard induction

S, Regort 1o the Chix of the Walch 'REAUY TO VENTILATE",

_ st Vaive (ABT 24) and placy it in power.
bs (VH-2) and place it In power.
PALP 239, 240, 244 and 245) in the pneumatic

4, Report to the Chief of the Walch 'READY TO VENTILATE'.

ydance with posted compartment bills.

2. Report to Contro! whien lined up.

1. Man JA plionas to receive reporis from compartments for relay to the

Chiel of the Watch,

e L e i 1 &,
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Table III-A-20 (Continued)

Actinns (CLD Operations, !

AR R VA £ D

ERIR T PO PRy FH Wk I 00 1 IRy
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Personnet Command Responsidilities / Seneral information
000 t : L. Order 'SECURE SNORKELING / VENTILATING'. 3
oow 2 Carry out procedure for 'SECURE VENTILATING' of
[ ]
cow Cary aut procedurss for 'SECURING VL‘NTlLA.I
8 ppropriste, b
Aurllisryman Carry out procedures fur "SECURING VENTILATION
of Watch Securing Emergency Vertiiation a8 agpropriste, 3
Forwerd
Nevigation Carzy out procedures for ‘SECURING VENTILATLON
Conler 8 apropriste,
Waich 2
| eow Carry out procedures for 'SECURING VENTILATI
8 K
Al L R, the compartmert for Recirculating in
Compartment unless atherwise directed from Control. The
.| Waches 'RECIRCLLATE MODE' even though it may have ben §
evolution such as fire, radiation, toxic gas, etc. :
| XAPID VENTILATION MODE
000
The rapid wontilate mode should be used whan i is deemed necessary to oitain the
Mmaximu m replenishment rate of 3ir within the chin,  The basic systum iineup is that for
'SNORKEL' and 'VENTILATE' modes concurrentty, The spacific lineup for rapid ventilation
shall be In accordarice with the compartment bills,
oo L ing.ve that 2! compertments are rigyed
the Compartment &ill,
E
cow L Carry out the prepa:aions for Ventiisteg ang S
) Yo “r/ilate Rapld Ventilztion thit bili and the Snorksl Bill, nd
T h L Commec.ce immedinte preparations to noriet 1a: {
Auxifiarymen _ L Rij for Yentilate snd Snorkel in Xrorancy wih,
of Walch - i
Forwerd, and i
Navigation ]
Contor 3
Waich >
Each L Insure the compartment Is axeditivusty rigged M
Compartment Compertmerd BilL E
Wulch 3
e
-To Commencs Rapid Ventitation ‘5
bow L Commence vantilating in wicordance with this ﬂ
. 2, When drectd, commence snorkeling in u:aorg
couy 7. Commanice ventitating In accordance with this M
% Whwn Grected, commencs snnrkoling in uﬂ
000 1 L Haxe Rapid Verwiiotion secured sequentiaky in &
thy Scorkat Bill, i
: Ts Securs Ropid Ventilation j
‘ ]
cow l I 1 Sorure. Rupi¢ Vantilation In actardence with ﬂ
]
4
}
4




Actions (C&D Operations, Inspections, Recordings, Etc.)

Communication Responsibilities

¥ ‘SECURE SNORKELING / VENTILATING',

). Gut procedure for ‘SECURE VENTILATING' or 'SECURE SNORKELING'

1, Have appropriste word pessed over IMC.

3, When 3l reports raceived, report to the Officer of the Deck, 'SECURED FROM
BMERGENCY VENTILATION, RECIRCULATING'.

-yt procedures for 'SECURING VENTILATION' or "SECURING SNORKELING'

nut procedures for 'SECURING VENTILATION' or ' SECURING SNORKELING'

herwise directed from Control, The compartment will be v=turned o the
JRATE MODE' even though it may have been previously cigged for ancther
such #s fire, radiation, toxic gas, e«c.

compartment for Recirculating in accordance with the compartment bitl

2, When caimpariments are rigged, report, 'SECURED FROM EMERGENCY VENTILATING,
RECIRCULATING' to Control,

{ RAPID VENTILATION MoODE |

L He  y.eud passed on the IMC, 'PREPARE TO RAPID VENTIIATE, PREPARE YO

VENI1 ILATING'.
2, When the Diesel Fngine is secured and when desired veritilating will be sacured

s that all compartments are rigged as rapidly as possible in accordence with 2, When all compartments, cxcept Mansuvering report rigged. report to the Officer of E
, Biil, the Deck, 'READY TO VENTILATE', ’
E 3, Whrn Maneuvering reports rigged znd the Low Pressure Blower is running, report
;. . 0 the Officer of the Deck, 'READY TO SNORKEL'. :
1 out the preparations for Ventilate and Snorkel expaditiously in accordence with 2. Report to the Diving Officer of the Watch when 'READY TO VENTILATE' and when '
1 the Snorkel Biil, 'READY TO RAPID VENTILATE',
) immediate preparations to Snorkel in accordance with Snorkel Bill, 2, Regort to Control when 'READY TO SNORKEL',

I Ventilste and Snorkel in accordence with this bill and the Snoriel Bill. % Report 10 the Chier of the Watch when rigged, 'READY TO VENTILATE'. :
- y
p the comperiment is &xpeditiousty rign_ {n accordar.ca with the 2. Report to Control, 'READY TO RAPID VENTILATE', f
ot Bill, i
. 1, Upon revsiving the repcrt, 'READY TO VENTILATE', direct the word passed twice over 7
i the IMC, ‘COMMENCE YENTILATING', :
k{" 2 'pon recalving the report, 'READY TO SNORKEL', have the word pessed twice over H
the iMC, 'COMMINCE RAPID VENTILATING, COMMENCE SNORKELING'. 3
ventitating in accordsnce with this bitl, 3, When snorkeling report to the Officer of the Deck, ‘RAPID VENTILATING', IE:
 direc’sd, commence snoikeliny in accordence with the Snorket Bill, ;
ance ventilating In accirdznce with this bilt, L Pass the word on the WMC as directed by the Officer of the Deck. H
 directed, commence snorkeling in accoryance with the Srorkel Bl o
vd Ventilation secusad sequantially in accordence with this bitl and 2, First, have the word passed on the IMG, 'SECURE SiWORKELING, CONTINUE T
i

I, sccordence with this bil! by having the word gassed, 'SECURE VENTILATING'.

- Rapld Ventilation in accordance withy the Comperiment Bill.

Z. When the compartment is rigged, regort to Conteal, ‘SECURED RAPID VENTILATING,
RECIRCULATING',

il i G e D el
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Table III-A~20 (Concluded)

Actions (CLD Operations, Inspect

IS

A S

The Diesed Engine shall be Hned up even when Emergency Ventitation Is to be
commenced with the Low Pressure Blower so that it will be ready for immediate use
¥ the decision 0 shift to the diesel is made,

Personnol Command Responsibiiities / General |nformation
000
oow L Order the outboard induction (VH-2) and autboard
OPENED,
cow L When ordersd, OPEN the outbosrd induction vaive Vi
2 Place ths outboard ventilation axhaust vaive switch Ing
10 Comvsence Ventiiation R In this pesition until the blower is running. (The sag)
in Control). Then releass the switch to the AUTO positigf
Auxitiaryman L Open the Inboerd ventilation exhaust valve (ABY 250 3
of Watch 3
Forwerd k
Nevigatian 1. When the outbosrd induction VH-D) Is OPEN, start t
Corn Fan ) i SLOW,
Supsiviser 2, When the outhosrd ventilation exhaust (ABT 20 vaive
Blower In SLOW speed and shift to FAST, A
000
oW 2, Compeiisate the ship as necetsary for srorkel mast off
cow L Wiian the Low Pressuie Blowsr is stopped, “hu? tiw ¢
place the outhoard ventitatior. exhaust vaive switch in the:
2 Turn head vatve VH-1) contro! switch %o CLOSED, tui
Report ‘STRAIGHT 30AKD' {or excartions) to the Diving O
3, Lower the mast, when lowered, report, 'MAST
. Secure Ventitating ¢ the Watch, R ki
Auzifioryman L Shut the Jnboard induction WH-3) and inbosid ventil
o aach 2, Lack Shut the outboard induction (VH-2 and -m.-a
valves when they indicate SHUT.
Nevigation L Secure the Low Prassure Blower.
m 2, Secure the main induction fan Fan #1)
3. Zhut huil and backup vaives ‘ALP 239, 240, 2“!\‘1
A Knes to the head vaive,
AN Compart~ L Line up the ventilation system for 'RECIRCULATING' I
ment Watches < Compartmert Bills and report tu the Chief of the wacn%
| emercency venTILATION MODE | g
[ NOTE: L Order, ‘PREPARE 1O mxkcmcv VENTILATE THE I
When the word, *PREPARE TO EMERGENCY VENTILATE THE WITH THE DIESEL DISSEL, PREPARE TO SNORKEL', ‘
(BLOWER) Is nssd, all ccmpartments shall rig in accordance with the pusted bills, 2. Order, 'PREPARE TO EIERGENCY VENTILATE THE i
oncept for the Co:npll‘tmmhto be ventilated. The affected Compartment shall rig with the BLOWER', i
onception of opening watertight doors and ventilation dampers. These items shall be 3. When all v
\ ' compartments have reported ready, order,
VENTILATING' when using Low Pressure Blower. i
DOw 2. Carry out procadures {cr "VENTILATE' if the Low Prd
l 3, Carry out procedures for *SHORKEL' if the diesel enl
cow . L Carry out the procadures for 'SNORKEL' or 'VENTILAY
Ausiarman L. Carty aut the procerairzs for ‘SNORKEL' or VENTILAY
Forward —-
Nevigation L Carry out the procadures for ‘SNORKEL' or 'vumuu
Conter g
€ow NOTE: Lmtmamlprmmmmomqnm«wm

Slower is % be used

2. Carry out the procedures of the Snorkel Bill i the !
4. Insure the Engineering Speces are rigyed for 'S

L Line up the veriition system in sccordance with t
L Man spprapriate soumd powsred talephones.

i
A
i
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Communication Responsibilities

Retlons, U Operations, Inspections, Recordings, Ec.

L After recsiving report 'READY TO VENTILATE' from the Diving Otficer of the Watch,
order "COMMENCE VENTILATING',

Induction VH-2) and outboard ventilation exhaust vaive (ABT 24

L Heve the word passed on 1118 IMC ‘COMMENCE !ENT%L‘ATIM, COMMENCE VENTILATING'.

I the outbosrd induction vaive VH-2,

unﬁlllon axhaust valve switch in the OPEN position and hold
1he blowsr is running. (The sound of the blower can be heard
e the switch to the AUTO position,

3. 'Report "VENTILATING' %0 Diving Ofticar of the Walchr

Milation exhaust valve (ABT 25)

P\Ndlﬂ\ VH-2) Is OPEN, start the main Induction fan

yontilation exhaust (ABT 20 vaive is OPEN, start the Low Pressure
d shift & FAST,

3, Report 'VENTILATING' to the Chiel of the Watch,

Order 'SECURE VENTILATING'.

) & necessary for snorkel mast oparation.

L Have the word passed over the IMC, 'SECURE VENTILATING, SECURE VENTILATING',

3, When report Is recsived from the Chiet of the Watch, report to the Officer of the Deck,
'SECURED VENTILATING, RECIRCULATING',

re Ricwer is stpped, shut the outboerd induction (VH-22 and
on exhaust valve switch in the SHUT position.

¥1) control switch %o CLOSED, turn off electrode heaters.
p‘ {or exceptions) to the Diving Officer of the Watch,

.‘ lowered, report, 'MAST LOWERED', to tte Diving Officer

4, Report to the Diving Officer of the Watch, 'SECURED VENTILATING, RECIRCULATING'
whon reports are recelved,

mdion H-3) and inboard ventilation exhaust {ABT 25) valves,
L

s:‘lz:ldlm VH-2 and outboard ventilation exhaust (ABT 24)

3. Report to the Chief of the Watch, 'SECURED VENTILATING',

bl-ro Blower.

p;d!ontmfmm
FMNPB’ 200, 244 and 26) In the pneumatic control

4 Report o the Chiet of the Watch, 'SECURED VENTILATING, RECIRCULATING'.

inn systenn for 'KECIRCULATING' in accordance with the
pon to the Chiet of the Watch.

Ecmcv VENTILATION MODE |
B EMERGENCY VENTILATE THE COMPARTMENT WITH THE
mi
) DWERGENCY VENTILATE THE COMPARTMENT WITH THE

R.

have upomd ready, order, 'COMMENCE EMERGENCY
SNORKELING', when using Diesel, or 'COMMENCE EMERGENCY
Low Pressure B.tmr.

98 for VENTILATE' if the Low Pressure Biower Is used
B for 'SHORKEL' if the diesel engina Is used,

L Hove approprisie word passed over the IMC.

Mures for 'SNORKEL' or 'VENTILATE' &5 appropriats.

2. When all reports have been recsived, report to the Diving Officer, 'READY TO
EMERGENCY VENTILATE THE COMPARTMENT WITH THE BLOWER (DIESEL).

Fm for 'SNORKEL' or 'VENTILATE' as appropriste,

ures for 'SNORKEL' or VENTILATE' as agpropriate,

and be ready % snorket on short notice if the Low Pressure

Qures of the Snorkel Bill If the Divsel Engino Is to be used.

Ying Spaces are rigged for *SNORKEL' or "VENTILATE' as appropriste,

3. If the diesel engine s to be used report to the 00D as soon as the diessl
engine is lined up.

o0 system in accordance with the compartment bils,
jnd powsred telephones.

3. Regort to Control when the comparunent is rigged.
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Table IIT-A-21 . Snorkel Bill

o When snorkeling for an exiended period of time, the Officer of the Deck will
Mmunco,umm. thoco-szumm. and the axygen bleed system

secured, These cquipments shall be restarted after snorkeling and secured in
accerdance with the ship's Air Revitalization Bill, it diesel exhaust enters the ship
white snorimiing, both scrubbers and both burners should be started,

e e AR L oA

8 The controliing station for snorkaling is cwui.

¢ Compariments wilt be lined up in accordence
chock-ol lists

it y.;p,ww_mvﬁm‘!*r‘m‘m il

¥y
GENERAL INFORMT1

Actions (C&D Operations, §

Personnel

Command Responsibil..les / Generat Information

1

1. ORDER THE INDUCTION MAST RAISED

cow

L OPEN THE INDUCTION MAST VENT VALVES {
MAST WHEN ORDERED BY THE DIVING OFFICER G

L. It icing conditions exist, piace the slectrode’

3, When ordered, raise the snorkel mast. En
spaned vert vaives ALP-256 and 257, 1o sllow thes
vacuum in the induction piping, prior to nlsln. !

4. Regort when snorkel mast indicates up.

6. Check that the head veive OPEN IhMM(M.,
is shove water, 3

2. Tost the mast flooded indicator,

&, With the ship ot snorkel depth, cycle head W
utilizing test button and 'Manual Emergency C
of the Deck,

Q.memnmmozbwm

Auriiiaryman

Prepare  Snorkle

L Open vert valves (ALP 256, 35T Inthcm
without puliing a vacuum, 4

2. When ordered, drain the nast to \he qmlty
{Induction Mast Flood and Orain Valve! to DRAIN 1
and T0-53,

3 When mast is dry shut the vent vaives and ¢/

i

L Open the Heed Vaive air supply vaives (ALP §
2, Unlock the Outboerd Induction dve (VH-3), -
3, Open the Inboard Induction Vaive VH-3),

3, Stan@y 10 start main Induction supply md
velve I3 cpened,

.. AJ 4

P

L Une up the diezet engine for startup in a
Operating Procedu res, :

]

33
i

L Drain the arsa: between the inboerd and oull
pening drain VM (DSW-14 and DSW-3N, th
volve and securs % draln valves,

" 2,Uine up ¢amper D-3 and ventilation system In
posied compartment check-olf list,
lmmtmwmlmomﬁmu!

O
i ¢

Direct and supervise the Engineering Space watches in preparation for
operations of the diesel engine and generators set in accordance with Enginesring
Department Operations Procedures and order stmusphere control equipment secured
uniess special circumstances dictale otherwise, -

i

525"

L. Rig compartinent for snorkel In accordance |

IR SRR
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GENERAL (NFORMATION

ffer snorteling is Contrel.
immnmwnmmmum

:
T
;

@ROUTINELY THE SHIP SHALL PREPARE TO SNORKEL ABOVE 200 FEET RELOY
SNORKEL DEPTH, ACNIM

f.Adlons (C&D Operations, inspections, Recordings, Etc.)

Communi<ation Responsibilities

LTION MAST RAISED WHEN AT SNORKEL DEPTH,
.

2. When satisfactory trim at snorkel depth is obtained and the Chief of the Watch
has reported 8l statlons ready to snorkel, report to the Officer of the Deck, 'READY
TO SNORKEL',

-’IN MAST VENT VALVES (ALP 268 AND RAISE THE INDUCTION
:BY THE DIVING OFFICER OF THE WATCH. ACN 14

idﬂ,thMMWWMMNICPlM

the snorkel mast. Ensure the Auxitlaryman Forward has
<256 and 257, o aliow the mast to raise without pulling a
jon piping, prier to raising the mast,

mast Indicates up. Orain the mast to the gravity drain system,
veive OPEN light on the BCP goes on when the head vaive

indicator,

; depth, cycle head valve and check operation of eloctrodes
rl ‘Manuai Em:rgency Close' valve when ordered by the Officer

gpertment 0, blesd secured.

S. Recelve report from Auxiliarymen Forward when mast is drained and the vent and
drain velves are shut,

M When all reporis have been recelved and the above steps have been completed,
report 1o the Diving Officer of the Watch, 'READY TO SNORKEL',

m.

bain the mast to the graviiy drain system by positioning TD-54
‘and Drain Vaive) 0 DRAIN and Opening drain valves TD-52

EALP 256, 257 In the Mast Blow Line to atiow the mast to raise
4

L shut the vent vaives and drain valves,

4 Report to the Chief of the Walch, 'MAST IS DRY, VENT AND DRAIN VALVES SHUT',

ar supply valves (ALP 29, 240, 242 . PR
Induction valve (VH-2), check I~ ") ‘caw pesitien.

f Induction Vaive VH-D,

main Induction supply fan Fan #1) when the utboerd induction

4, Report to the Chief of the Watch, 'OUTBOARD INDUCTION IN POWER INBOARD
INDUCTION OPEN, NAVIGATION CENTER READY TO SNORKEL',

¥.

L Man JA handset to recelve reports from compartments for relay to the Chief of
the Watch,

engine for startup In accordance with Engineering Department

2 Roport to Maneuvering, 'DIESEL LINED UP TO SNORKRL',

the Inboard and outbosrd engine exhaust valves by
W-14 and DSW-37),  When dry OPEN the inboard exhaust

Brain valves.
' ventilation system In AMR #2 In accordance with the

4& Regort to Mancuvering, 'MACHINERY-2 LiNED UP TO SNORKEL',

_ L, Ragort to Control, 'ENGINEERING SPACES READY TO SNORKEL'.

2, When rigged report on JA drcult, * COMPARTMERT READY TO

SNORKEL',
3, Man JA phones and kesp phones manned until directed by Control to secure.

I11~-79
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Persennel Command Responsibiiities / General Information Actions (CAD Operations, |
1000 [ ]
Table IIT-A-21 (Concluded)
oow - 1. Order the outhosrd Induction apened. 2
2, Commence flooding approximately 8,000 pounds Inf
cow L When ordured, open the outboard induction valvey]
Nevgation L Start Moin Induction Supply Fan Fan #D) In Fask
Conter .
Superviser §
Aux, of Walch L Blow the exhsust line with air in accordsnce
AR or Oporsting Procedure,
.“:",";'&w Commence Snorkeling 2. Wekch the local pressure gage and continue bi
Loved Watch stablitzes, indicating a clear exhaust line, CAUTION:
. ENGINE STARTS, 3
Dievel L Check snorkel panel to ensure that the outboard I
Generaler exhaust vatves are open. E
Wekch - & Press safety circuit bypass button and start the dig
. Engineering Department Operating Procedure, 3
Eow 2. When the diesel is repcrted ready for loading, It d
dhonvlu directed by the Officer of the Deck, F
Lee
Holmsman
000
oW L Supervise the snorkel shutdown.
2. Compensate the ship by pumping approximately 8,
Tonks to see,
cow 1. Press ‘snorkel shutdown’ button. Observe that ﬂ
valve is shut,
2 Shut the outboard inductior vaive
3, Turn head valve control swiich to cmsso Turn: q
*'STRAIGHT BOARD' to Diving Officer of the Watch, ;
4 L vor the Snorkel Mast,
Navigation L. Shut the irtoard induction valve (VH-3) and ncuvj
Conter Fon, #1
| Suversee 2 Lock shut the outboard induction valve (VH-2 mq
&, Shut the head vaive control air supply valves (AL ﬁ
Diesel L Secure the diesel engine in accordance with cngm!
Generator Procedures. p
Wetch Secure Snorkeling 2, Chack shut the outboard engine exhaust vave,
3. Rig dlesel engine and associated systems for mﬁ
secordence with Engineering Department Operating P
Maneuvering, 'DIESEL SECURED',
Aud L Shut the inboard engine exhuust valve when the ‘
& Yoaeh AR 2 Lock it the outboord enging st vav atr |
Machinery 3, Line up demper D-3 fo Recirculate.
Room Ne, 2 )
Uppor Lovel i
fow )
Comperiment ;
Wtcheo
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EIC&D Operstions, inspections, Recordings, Eic.)

Communication Responsibilities

The Otficer of the Deck shall have the word passed twice over the IMC, 'COMMENCE
SNORKELING'. This order wiil Initiste the following action: :

wwm
roximately 8,000 pounds into Depth Control Yank,

Fmam induction vatve,

2, When snorkel vave indication Is correct report, 'NORMAL SNORKEL BOAKRO',

3, When snorkel conditions are satisfactory, order the Les Heimsman to direct ali
compartmends to cacure the phones.

Emly Fan Fan #1) In Fast Speed,

'y
e

=
Mh alr In accordance with Enginessring Department

2 gage and continue blowing until pressure drops and
iuhml fine, CAUTION: DO NOT SECURE BLOW UNTIL

3, Inform the Diesel Engine Watch that the mast s blown,

Emsuro that the outboatd induction and inboard engire

L
B

button and start the dless! 37gine in accordance with
ing Procedure.

3, When eimine has been siailed, report, 'DIESEL RUINING' to the Englnesring
Officer of the Walch,

. 4 When the Hesel is warmed up and the breaker controt is In the 'CLOSE
PEKMISSIVE' position report, 'DIESEL READY FOR LOADING' %o the EOOW,

e
jorted ready for loadlng. {t should be foaded uniess
llar of the Deck.

L. When the diesel engine is running, report, 'SNORKELING' to the Officer of the Deck,

L. When ordered by the Chisf of the Watch, direct all compartments to sucure
thelr phones,

The Officer of the Deck shall have the word passed over the IMC, 'SECURE
SNORKELING',

ﬁutm
b pumping approximately 8,000 pounds from Depth Candrol

3. When report Is received from the Chief of the Watch, report to the Officer of the
Deck, 'SECURE FROM SNORKELING, RECIRCULATION',

gn- button, Observe that the outbosrd engine exhaust
3
vaiwe,

4 swich to CLOSED. Turn oft electrode hesters. Report,
Officer of the Watch,

:

5. Roport, 'SNORKEL MAST IS DOWN' to the Officer of the Deck.

&, Report to the Diving ONicer of the Watch, 'SECURED FROM SNORKEL' when the
NAVCENTER, Operations Compartment, and Maneuvering have reported securs.

iﬂ\ valve (VI1-3} and secure the Main induction Supply

',lnuuctlon velve (VH-2) when It Indicates shut.
vtrol air supply vaives (ALP 239, 240, 244 and 245).

3. Reoort, 'OUTBOARD INDUCTION VALVE SHUT AND LOCKED, INBOARD INDUCTIOM
SHUT' 10 the Chief of the Watch.

in accordance with Enginsering Department Operating

P ongine exhaust vaive,

ated systems for normal submerged running in
} Dcpamnont Operating Procedures, Report to

. uhaus! valve when the diesel engine is ‘secured,
f engine exhauct vaive after it indicates SHUT.
 Recirculate.

4, Raport, 'OUTBOARD INDUCTION VALVE SHUT AND LOCKED, INBCARD ENGINE
EXHAUST VALVE SHUT, RECIRCULATING',

L When all reports are recsived, report to Control, 'ENGINEERING SPACES
SECURED FRCM SNORKEL',

Compartmeni Watches shall report when rigged for snorkel 2. follows:

MATCH CIRCUIT REPORT 1Q
Torpedo Room Walch JA Control Center
Duty Cook/Messman JA Controi Center
Kissle Control Center Watch JA Control Cunter
Lunch Opsrations Station Watch A Corirot Center
Auxiliary Machinery Room #1 Watch  JA Maneuvering Room
Audiiaryman ARt ayv Maneuvering Hoom
Divsel Generator Watch uv Maneuvering Room
Enpine Room Supervisor v Maneuvering Room
Electric Plant Cortrol Panel Watch 2V Eoow

Eng'noering Ofricer of the Watch JA Control Center
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Table I.TI-A 22 Battle Bill

The primary mission of the ship is to daliver, when drected, sallistic missile
acks ageinst assigned targats,  All other assigned tasks are secondary. The Battle
Ot is designed Yo provide the most effective organization for conducting balistic
missite stacks with concurrent resdiness to employ the torpedo battery for self defense,
in midition, it provides the most effective organization for delivering 8 torpedo attack

¥ that function becomes primary,

) The Sattle Bill will be implemented for all missile launch operations, actusi or
simulated and for torpedo firing operstions, conducted concurrently with or separately
from missile attack operations,

© The Baitte Bilt may be implemented when conditions of special hazard %o the ship
aist or are forsseen,

© St Orgenization, Wisan the Battie Bill is implemented the following stations
will be wanned by personnel designated in the Watch, Quarter and Station Bill,

STATION COMMURICATION CIRCUIT MANNED

& Ship Controt Parly

(1) Conttrol Room
OMicer of the Deck
AMtack Coordinator WCNLS
Diving @ﬂur
Chief of the
3CP Missile Complnutlm Panel Operator Wi
Auxitisryman of the Watch Forward
Aunifiary Electrician Forward

Senar Status Board Operator $US

Cemmunications Officer (May be in Radio o7
Aftacy. Conter)

Communications Supervisor

Radie Opersiors )

) Mensuvering Room
Engineering Ofiicer of the Watch
Reeclor Plant Control Panel Operator
Electrics) Plant Control Panel Operator
Steam Plant Conirs! Panel Oparator

ekl - Aok i L AL e A e
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CENERAL |NFORMATION

STATION

0 Egine Room
Enginsering Wetch Supervisor
Engine Room Supervisor
Engine Room Upper Lovel Watch
Engine Room Upper Level Watch (Phona Telker)
Engine Room Lower Level Watch
Engine Room Lower Level Watch (Phone Talker)

Proputsion Motor Operator

Auxiilaryman of the Watch AR
Engine Room Aft Watch
Swem Plant Gauge 3oard
Emineering Lab Technicians
Auxitiary Electriclan Aft

O Auxillary Machinery Paom Ne, 1

AMR 1 Watch g
Telephone Talker =
*AM2 £1 Lower Level (Hovering) Waich

9 Auxiiary Machinery Room No, 2

Upper Lavel Watch

Upper Lovel Telephone Tolker
Lower Level Watch

Food System Gauge Board Watch

(D Reactor Compartment Tunnel
Sight Glass Watch

& Navigation Party, Navigation Conter

Nevigator

Navigation Electronics Chief
Navigation Console Operstor
Loren C Operstor

BQN-3 Fathomoter Operator
SINS Technician |
Telophone Tatker q
Navigation Center Technician

¢ Misslle Party
1) Missile Controt Center

*Missile Control Officer
Fire Control Supervisor
TOP/Recorder
cuwur Group Operator

Group Operstor
*Misslle Test and Readiness Equipment 47 Operator

Tetaphone Talker N *Missile Test and Readiness Equiprent #6 Operator
Sol Recorder JA
Nate: * Net manned for Battie Stations Ton
* Mt manned for Battie Stations M
Porsonnct Command Respensibilities / General Information Actions (C&D Operations, lnsoudl

2. Sound the General Alarm,

& Coordinate the quist and expeditious mnnln. q
the Commanding Ohicer when manned, g

gl Y D AL It e L L Fra e b St i Y




QENERAL INFORMATION

COMMURICATION CIRCUIT MANKED
‘Supervisor
ivisor
1 Lovel Watch _
kel Watch (Phone Talken) 2y
} Lovel Watch
- Lovel Walch (Phone Talker) ZJAV
)
2w
o (Hovering) Watch I
Room No, 2
e Telker w
1
g Boerd Watsh v
A Tunned
w
e

)

RICNB)
H)CNe)

BEEEE

Jat menned for Battie Stations Torpedo
Wt menned for Bettle Stations Missile

STATION COMMUNICATION CIRCUIT MANNED
@ Missilc Compertmant

*Missile Launch Otficer 0C

Mizsile Launch Supervisor N

Launcher Control Panel #1 Oparator
sLrincher Control Panel #2 Coerator

*Unyer Level Missile Control Team 9} O) )
Upser Loved Missile Control Team 42 ) xa)
*Lower Lovel Missile Control Team #1 (&) X&)
*Lower Leve: Missile Control Team #2 (2 X0
*Opticat Alignmert Group Operator Xi3)
*Gptical Alignment Group Cperator Assistant
*fire Control Switchboard Operator xa
Middle Lovel Rovir Watch Phone Talker JA
€ Torputo Party
1) Attack Certter
MK 113 Analyzer Operstor
§AX 113 Position Keepyr Operator sUs
MK 113 Firing Panel Operator 1] 4
MK 113 Torpedo Control Console (MK 48 only)
Fire Control Co-ordinator LS
Mot C-ordinater sUS
Ticw Bearlng Pilotter

Time Bearing Evalustor

Gaographlc Plot Evaluator

Geographic Plotter

Time Renge Plotier

Contact Evaluation Flotter

Beering Recorder. (3111

@ Torpedo Room
**TorpeGo Officer
Torpedo Launch Supervisor
s*Torpsdo Tube Operator (1)
Torpedo Room Phone Talker JA
**Reload Party Supervisor/Signal Ejector Operator
°*Reload Party @)
Torpedo Fire Control Phone Tather [ 1] 4
O Sonar Room
Senar Supervisor (113
BQR-T Operator
SQR-2 Operastor
QS+ Operator
5QQ-3 Operator

o, Damage Control Party
(L Forward Party, Crew's Mess

Petty Officer in Charge
Telophona Talker JA
Medical Officer
Ratings Assigned
@ After Party. Engine Room
Petty Officer in Chame
Tolephore Talker W
Hoeziial Corpsman
Ratings Assigned

~Actions (CZD Operations, Inspections, Recordings, Etc.)

Communication Responsibilities

craan,

Vi s e L D el s b ke T

al Alarm.

e quiet and oxpeditious manning of Battle Stations and report 20
r when manned,

To impienent the Battie Bill the Ofticer of the Deck, when directed of when
required for ship's safety, shall:

L Pass the word ) the IMC, ‘MAN BATTLE STATIONS, MISSILE for TORPEDOY,
3, Pass the word on the IMC, 'MAN BATTLE STATIONS, MISSILE for TORPEDOY,

R s SAESREE % R et b e ST G T e A R b b S Bk B (0 st v bk
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Command Respansidliities / General Information

Actiong (C&D Operations, |

Table ITI-A-22 (Continued)”

When implementing the Battte Bill for torpedi
leunching and umi! retieved of the CONN by tho @
the Deck shalk: "

L Mansuver the ship to avoid detection, rigging]
Condition ¥ required, i

2. Ensure the tracking of ship contects and 4
Sonar Coordinators.

L Coordinate the use of sonar search equipment,
2. Direct the preparation of the torpedo battery
Designate tube firing order and ejection metr

Select optimum modes for: the torpedo to be of
functions be set in the firing panel, E

When directed, order tubes made ready,

When directed, order outer door opened on i

When directed to commence firing:
Order, 'STAND BY TUBE _ . E
Order, 'MATCH BEARING AND SHoOT ¥ i

Oetermine optimum detlection angle and o
TARGET SPEED , MATCH BEARING AND;

Fire Control
Position
Kespor

2. Sapervise the operation of the Firing Punet,

L Ouarate the Position Keeper ® determine

3, When directed o, 'MATCH BEARING AND SHY
into position keeper and report 'SET' to Weapons "

NI IR T Y

Fire Contrel

Determine optimum detlection angles and &

A

Sonar Plot
Coordinator

L Superviss the sonar plotting party to obteln §
range, beering rate, range rate, courss, speed

2. Provide torget information o position K"ﬁ'_!

Firl
Paret

L. Make settings as directed by the Attack c’ﬂ

zmurmdmnmmuc
preperation and firing of torpedo tubes, 5

3. Ensure correct ulllrgs made on hmdothm
Monitor Panet Operator

& Upon recelving 'wu  READY IN Al.Li
mm. ]

Ensure Hineer and angular spreed knobs §
Position Firing Tube Select Swithch to df
Check firing Interlocks closed light 'ON, |
Posttion firing key %o 'STAND BY',
Check firing Intariocks chsed light is fed

1. When directed o 'MATCH BEARING AND SH
tube whon:

Mwmeymmhlswln
Pogition Kesper Operator regorts, 'SET',

L When directed make ready designated tubes l
Bepartmert Operating Procedures,
2 Supervise the operation of the MK l’VIﬂ

3, Direct and supervise torpado reload when on

L When directed by the Firing Panel Operator !
Turn on Tube Warm-up Switch for desigel

MonRor Error and Limit indications and §
orrers, i any, %o Firing Panel Oparator and

Monitor 'FLOOD TUBE, 'OPEM DOOR', 'S
Indications and orders to Torpecd Launch §

When 'STAND BY' indicator s Ilgh\d
reyorts, the &IP Phone Talker will report *

It tube falls Yo fire or if 'u:xrrom!'i
reason, inform Firing Panel Operator and

L4\ ol &8

s R S
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lions (CAD Operations, Inspections, Recordings, Etc.)

Communi-ation Responsibilities

Mg the Battle Bill for torpedo firing, nat concurrent with Missile
Mieved of the CONN by tha Commanding Ofticer, the Ofticer of

Ip 1o avoid detection, rigging for agpropriste Silent Running

ing of ship contacts and provide target Information to Attack and

Ja of sonar search equipment and fire control party tracking,
Wtion of the tarpedo battery for firing as follows:

fing order and ajection method.

hodes for the torpedo to be employed and direct that necassary
i firing panel.

ider tubes made ready.

;immr door opened on first tube to be fired,

icommence firing:

b By TURE .

M BEARING AND SHOOT I firing with generated gyro angie, o,

Inum dattection angle and order 'SET AC3 , RANGE
H MATCH BEARING AND SHOOT',

ﬁm 10 determine and maintain the best target solution.

L-mcu BEARING AND SHOOT,' set accurste sonar besring
report 'SET' to Weapons Order Generator Operator,

[
?iuhulon angles and advise Attack Coordinator,

ﬁ' plotting party to obtaln best solution of target bearing, m
Yange rate, course, speed and target 2igs.

Mdlon fo position Kesper Operator and Attack Coordinator.

} directed by the Attack Coordinator,

Keircult between Attack Center and Torpedo Room, for the
of borpedo tubes,
tings made on torpedo through coordination with the Wecpon

READY IN ALL RESPECTS' from the Torpedd Launch.

and anguiat spread knods on 2ero unless spreed Is desired.

g Tube Select Swithch to desired tubs.

closed light 'ON',

key %o 'STAND BY',

closed light Is flashing.

) 'MATCH BEARING AND SHOOT', close firlng key on designated

i gyro angle Is set in the torpada,
Oparator reports, 'SET',

4. Ensure correct ballistic settings for tube loaded torpedoes set in the MKID3
Fire Control System,

5. When directed, order Torpedo Room =
'MAKE READY TUBE(S) .'
FLOOD TUBE ,!
‘OPEN THE OUTER DOOR ON TUBE .
'STAND BY TUBE .

i e 2 i

B T it (e A

ready designated tubes in accordance with Waspons

the Firing Panel Operator to 'MAKE READY" & specific tube
Werm-up Swilch for designated tube.

b and Limit indications and report function and magnitude of

4 ring Panel Operator and Torpedo Launch Supervisor,

0 TUBE 'OPEN DOOR', 'STAND BY', and FIRE', lights, relaying
to Torpedo Launch Superviser,

' 8Y" indicator is tiyhted and the Torpedo Launch Supervisor se
Taiker will repoct 'STANDING BY TUBE .

 fire or If 'NEXT TO FIRE' sequencing does not oceur for any

Panel Operator and depress ‘TUBE FIRED' button when ordered,
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~Command Responsibilities / General Information

Actions (C&D Operations, Inspection

fabZe ITT-A-22 (Concluded)

L Assume the CONN,
3. birect the Diving Officer % 'COMMENCE HOVERY
4 Maintain direct contrni of missile (aunching, 4

L Advise the Commanding Ofticer concerning ¢

2, Assist the Commanding Officer in the direct of
inferming him of scheduled times available for mis:

A Coordinats missite launching procedures, en
The selection and resetting of MASTER SINS. fy;

The best fire order sequence, including revisieg
wisidering target priorities, !

The pessing of timely information to the Missil
preblems or other difficulties affecting launching. ‘g

4 Sugervise the praparation of post-launch rufie
S, Direct Urgent demage control meesures, :
& As practicable, man the 105C clrcuit to ths ¢

1. Maneuver the ship to proceed to missile launcly

2 Slow ihe ship as necessary 5 cbtain minimum
Diving Officer o 'PREPARE TO HOVER', 9

3, Ensure the tracking of ship contacts and provid

and Sonar Coordinators, ;
L Oain 3 minimum cnead trim ot missile —ﬁ

4, When directed 0 commence hoverirg, order ty
opened and employ the depth control equipment to &
faunch depth, Keep the Commanding Officer advise
malmzining depth, ;

5 When actual missile launches are to be
Compensating Panet Operator to 'LINE UP THE MIS

.

L Supervise the readiness for implementing torprdo firing procedures, ensuring
The best usage of sonar seevch equipment,
The designation of ship contacts and thel: tracking.

2 Kesp the

¢ Coordinstor appropristely informed,

oo i

SRR

L When crdercd to preparo W0 hover, llmuphui
Z When drected, open the hovering system see W
Lmtﬂmmammuytmwﬁ

L Determine the action required within the "
best position and heading data & the missile fire cof

3, With the approva! of the Attack Coordinator ‘
Officer adsisad, initiste required action %o torrect

L Initiste steps to st CONDITION 15Q utilizing the Weapons Procedures of

NAVORD OC 30583,

Kl

L Coordinate the quiet, expeditious manning of i

Parly perionnel and report Missile Party manned !g

2, Wiwn €racted % sst CONDITION 15Q, supervid
ordored condition within the missile and fire cont
with Weapons Procedures of NAVORD OD X583,

3. Report any dﬂlcuiy encountered and rocunmg

2 When directed by the Diving Officer, for actual
the Missile Compensating System in accordance witl
NAVORD OL 30583, :

{ roreebo FiriNG |

vierBo oL B

L Assume the CONN,

L Maneuver the ship to sttain optimum firing
3. Direct tubes .nade resdy or firing.

4, Dirert torpedo tube outer door cpened

5. Dirwct firing of torpedoss.

R
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Communication Responsibiities

Mens (C&D Operations, Inspactions, Recordings, Bie.)

M
HM Officer % 'COMMENCE HOVERING',
et control of missile taunching.

2 How the word passed on the 10JC, 'SET CONDITION 15Q," FOR WSRD),

jsmmanding Officer concerning the missite taunch directive.

Mamanding Officer In the direct control of missile launching,
‘scheduled times available for missile leunching.

dssite launching pracedures, ensuring:
b and rasetting of MASTER SINS.

im sequencs, including revisions for casualties and
leoﬂtlcs.

Ed timely information to the Missits Party concerning ship contrel

r difficutties affecting launching.
’iunurdlen of post-launch radio reports.

M demage control measures.
lle, man the 10JC circuit to the periscope center,

Fsmp to proceed to missile launch depth 3nd optimum heading.

9 a8 necessary 1o cbtain minimum speed trim and direct the
f'PREPARE TO HOVER',
wmumumwmawlmmwm
rs, 4
ymm speed trim at missile launch depth. & Whaen &rsctsd & propars o hovar, ordar the Chisd of the Walch tn "PREDADS #
E!b commence hovering, order the hovering system sed vaiwe TO HOVER'. ) ;
by the depth controi equipment to maintiin the ship &t missike 3. When in all raspects ready, teport 'READY TO HOVER' fo the Commanding :
Keep the Commanding Officer advised of difficulties encountered in Officer. E
| missile launches are to be conducted, direct the BCP Missiie ;
Operator to 'LINE UP THE MiSSILE COMPENSATING SYSTEM', i
' 4
fo prepers 1o hover, line up hovering system for oparalion,
ad, open the hovaring system sea valve and commence huovering.
systom as dirocted by the Diving (Wicer,
7 action required within the Navigution subsystem to provide the 2. Adrise the Attack Coordinator of system status and recommendsd action, 3
 heading data o the misslle fire control system. - 4 Report, 'NAVIGATION SYSTEM READY' on the ACIP by 10IC phones o the
) of the Attack Coordinator and keeping the Missile Control tack - avker. 4
iate requirad sction to correct position and heading data, {
3

R
.
n

ﬁ- wuiet, epeftious manning of Battle Stationc by Missiie
imnd repret Missite Party manned to the periscope center.

hod 10 set CONDITION 150, supervise the expeditious setting o
p within the missile ard fire control subsystems in accordance
res of NAVORD 0D 30583,

iy encountered end recommended corrective action,

the

PEWCRIREY XN

ing System in accordance with Weupons Procedures of

by the Diving Officer, for actud! lsunch operations, operae

L Twst communications with Launcher and report 'MANNED AND READY' to the
Chief of the Waich,

3, Rupnrt difficultios encountered in compensating system aporation to the Diving
Officer and the Missile Launch Supervisor,

| roreeo FiriNG |

VISR P

CONN.
e ship to attain optimum firing posttion,
3 made reedy for firing.
tube outer door apened,

@ of torpedves,

SRR TAII A
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Table IIT-A-23 General Emergency Bill

& In genersl, mthhdlhuMalehm:d
under the following types:

L General Emergency - Emargency Ship recovery, Fire, high radistion in torpeso
resm, bostic gas, pissive defense, torpedo emergency, major primary coolunt sesk, high
radistien In engineering spaces,

2, Collislon¥Floodng Emergency - Collision is imminent, has occurred or »
fioading casualty has cccurred.

3, Power Plant Emergency - Major stean leak,

& Missiie Emergency - A potential or actust major casualty to 2 missite or
releled sysiem which endangers personnel or hazards the ship o< vital equipment,

W Ship or Department Bills 2nd Casusity Procedurss shatl set forth the crew
aclien %o be taken undereach of the aforementioned smesgencies. In widition, a
compartment chack-off shall be posted in each compartment siating the: ation 10 be
taken In that compartment in the event of sach emergency and in accordance with
tive precedures and guidance given in the SSORM for that bill.

The Officer charged with: the responsibility for the particular emergency Sl is
reapensible for maintalning the corresponading compartment check-offs.

© The general concept of tresting 3mergencies is to immediately take those
aclions which will enhance the ability of the ship to minimize the ~4ects of the
emargency. Actions which are common to all einergencies include establishing
communications, getting suificient qualified people to the scene, and securing non-
essential evolutions, particularly those which are potentially hazardous and could
therslore compound the casualty, The emergency bills have been written as though the
ship is submergad & the time the emergency occurs, If the shin is artually surfaced
cartain steps, such as those pertaining io depth control, are obwiousiy orritted,

GEMERAL INFORMATION

@ R is lmportint to remember that 2 ‘standard’ sof
energency. Aclual emergencies are unoredictable 1ri 8
uneriixd and unplanned for element. The emergency§
tiw problem >n¢ minimize the probability of compounding
the euaergency successfully requires the excrcis of judg
coordinated efforis in and intedigent manner,

% Alsrms. ks
mmmmmmuusdmunutm

Asrm Control Station

Colligion Alarm Various locations)

Maslle Emergency Launcher :
m!g:

Gonevel Alarm Control Conter @ Gonp Tj
(Yolters,,
S! é

Pows7 Plant Maneuvering Room  Slow 5

Emergency Alarm Control Center (Pink ¥

Actions \CLD Oprations, {vgf

2 Issue ship cont;ol ordars a5 nwcessary ¥
4 In cas0 of 3 Propulsion Plast Casuatty, rf
o salcly controd the ship. ;

S, i submerged below 120 feet proceed fo 15
86 70y o proceed to srorkel depth o surface oK
emyrgency Is such that snovkeling or ventilating’ q

L Immodiately take appropriate action as nq
. i trim angls, 3
2 Secure snorkaling and ventilating,

3, Shut outboard and inboare inductions anl'
securing SNORKELINGNVENTILATION,

1
B
)

1

% Ensure JA phones are manned in Contrdt
%o main the phones,

Personnet Command Responsibilities / Caneral Informatioc

000 6. When reileved of the Conn by the Commanding Office: act as assistant {n the
Cemmanding Officer,

oow 4, Be prepared to surface or go desp when ordered.

cow 2, Supervise handling of the emergency from Control until 7e'mved jw an officer.

E00W

Takn charge of the emergency and supervlm
of the Engineer Officar- (Ous to the location of
original action to combat the merysncy shali h
onginenring spaces),

Repiast Control to serd the Damage Contml.
N addition manpower is needad to combat the cal

Fe viher plant casuatties such as a reactor !
EODW shalt zarry out the applicable Engineering C
Control via the TMC of the czsualty and of the lin

2, For ary shipboard emsrgency:

Secuce the battery cherge i in progress,

seaure the diesel angine,  Consideration my

Hineup.
Shut the cutboard and inboart diess! exhiauy

Place the sleciricat plart in the most uam
Weactor Plant Manuai.

| B Pmudtothuumdthomuanyhl

Emcutive

Office the emergency.

Engineering L 1t the casualty Is in the Enginesring sn
2. It the caust, Is In any other space prof

bl ot et svbericad o v l A b et o el il TR AN 7 0 A b b e i e S R A ERE ] B T ATkt i e T k) S s d B it et o
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JA phecws and dizect tha overall operation of shi
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GENERAL 1NFORSAT 0%

) romember that » 'standard solution is not possible for an
ygencies are unpredictable and usually introduce some

for element. The eniargency hitls are designed to localize
the probability of compounding the problem. Combatting
raquires the exercise of judgement ans the application of
irtelligent maniner. .

shall be used to signat the indiceiod emergency:

iy

I;’j-' I dentification

Contact box color

2 Shap: of contactor

- Control Station Lever Arm Esnergency Used for
Y Various Jocations)  Siren Collision or

E Red star shaped  Flooding

£ Launcher Fast Jump Tone  Missile Emargency
%i (Orange, 7ound

Y Control Certer @  Gong Tone Fire, General

b (Yellow, runé  Emergency, Passive
Shapad Defensive, Yoxic Gas.

Battle Stations

Mansuwering Rnom  Siow Jump Tone  Major Stcam Lesk
Control Center (Pirk Tes Shaped

# Duege Control Party Organization.

1 tnformation. The control of damage on a submarine is aiwsys an ail hands
essution, It is of the utmost importance that all personnel in the vicinity of an
y take immedists action to bring it under cortrol and minimize damage.
Additionally, in order to ensure the immediate presence of wupport personnel whose
knowledge anid training will be vatuable iv. the control of damage, two highly trained
damage control parties will be organized

2, Organization. Tho Damage Control Party shall be so organized that any
omergency can be effectively combatted by the personnel designated, When at Battia
Stations or when any emergency alarm is sounded, the designated members of the
damage control parties wili proceed as follows: At Battle Stations, the Forward Damage Control
m ;m muster in the craw's dinette, ang “ne Arter Namage Control Party will muster in

Z

:_ Aalons (C&D Gperations, Inspactions, Rercrdings, €ic.)

Commmunication Responsibilities

B
p control orders as necessary to minimize the effect of the emorgency.

f:% Propulsion Plan Casuahv, reducs spesd to the minimum required
@ ship.
hod below 120 teet proceed to 120 fost changing spesd as ape.ouriate.

pd to snorke! depth or surface expediticusiy if ihe nature & the
that snorkeling or w tilating wiil be necessary,

L Have the nature and location of the emergency passed once over the MMAC
than sound the appropriate alarm (for all emergencies except Missile Emergency), and
then pass the nature and location of the emergency once over the IMC.

3. Notidy ships in the vicinity of the emergency, & nacessary,

take approprise action as necessary to maintain ordered depth

ing and vantilating,

and inboard incductions and ventilation e:haust valves after
ENTILATION.

sl s 1o g e

| phones are manned in Control until the designated officer arrives

the smergency and supervise control of damage untii the arrival
Micer: (Due to the location of the Engineering Compartmerds, the
c:mbl the emergency shall be taken by the men on watch in the

o send the Damage Controd Party itdd the affecied compartment
r is needed to combat the casuaity.

I casustios such a8 2 reactor scram, lois of lute oll, etc., the
out the applicable Engineering Casu+tty Procedures and shail aotify
of the casuaity and of the limitation imposed on the power plant.

rd emergency:
ry charge i in progress,
enging, Consideration must be given to the existing elecirical

rd and inboard diesed exhaust valves when the diesel is secured
ca plant in the most secure ‘ineup in sccordance with the

1. For emsmencies in Engineering Compartments:

If the initi® report is received in Maneuvering from one of ihe engineering
walch Sistions, the EOOW first repasts the information once on the 2MC then relays
the emergency report to Conirol via the TWC of 2IMC. The EOOW should decide on
the basis of the circumstances whether urgency demands that he initiate activation of
sither the Collision Alarm or ihe power plant casuaity alarm. (i.e. tlooding or major
steam Jeak). It 50, the EOOW should announce the nature of the casuaity once over
the IMC before activating the alarm In accordance witi: standard procedures. When
a locaily activated alarm cycle hac ceased, Control should again pass the word on the
asture of the casualty ovar the IMC o ensure (hat the entire ship has been informed.

Advise Controd un requirements for Emeigency Ventilation, pumping, etc., when
ppropriste,

1 s B i LS e

e -SRI

;
;
8!
;

h the scens of the casuatty t be in cherge of and coordinsie comtating

2 Keop the Commandirg Officer and Officer of the Deck informed of all wwajor developments, |

Is in the Enginesring Spacas procesd to the scene.
is in any olher space proceed to the Control Room, mav. the

the overall operation of ships equipment to nest control the emsrpency.

Ar
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Table II ~A-23 (Concluded)

Command Respongibilities / General Information

Actions {C&D Operations, '=. .

L Procesd to the Missile Compariment/Tre
the Deck of any emergency action roquired in "
2 The Assistant Weapons Officer shall aty]

L Procesd to the Crew's Mets and keep th
onditions Injurious Yo personnel. When indig
will ketp Informedt of the status of the smosp!
make recommendations to the Commanding Oifig
Alr Brestheing €AB) masks, -

2. Provide for the treatment of injured

L Procesd 1o the scens and assist the
smeryency. A
2 Insure that effective communications ag
omorgency and Control. 3

3 uun:wwom«uonmm
the Main Propulsion Assistant, X

L Procesd 1o the Control Comter and man §
for the Engineer Ufticer/Damage Control Assisk

%, Direct the shuling of witertight foors, §
use of EAB wasks, eic. 3
4, Direct the opecation of the ship's
of smobe or toic gas is minimized,
S, Inaure that the Commaiding Olficer
o ol major developments. :
& 11 the emergency is in ahes than the |
scone and assist the Executive Officer, y

EZ

L Al officers nat specitically assigned
Control Party Staging areas or o appropriate ¢
affected by the emergency, take charge of
assistancs, During casuatiies/emergencies in §
EOOW will proceed to the Control Cneter and
Commanding Officer and Officer of the Devk, - :

2, Following the sounding of v aworgenty
immed ately perform the following acticns ard
compariment bili for that emergenty: i

Shut all bulkhesd flappers.

Securs coirpartment recircutation Nmi
MCC, Engine Roum, and AMRE2 f2ns unless
rerticutor Qeces. :

Secure blseding oxygen into the ship, ﬁ

Shut all deck hatches, including 'owar hl

Walertight doors: 1

L COLLSION OR FLOODING - Skut zni§
blchies imnedislely,

2 AL OTHER EMERGENCIES - \wmigm
lecation and extent of the casualty is
rovie the Damage Control Pmybthuw'p_a

T

3, The senior man In exch compartme: ¢ i
mast important that the senior man o the §
that he is in charge known to all others

compartment shall evacuate ail unnecel
phones are manned a the scene a3 8
unaftected compartment is responsible for:
¢ the scene of the casualty as msr.riui

?

BE3E:

!
:
i
3
2
1
il
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¢ Adtions (C&D Gperations, Inspections, Recordings, B1z.)

Commurication Responsibliities

M Missile CompartmentTropodo Room and adviss the Officer of
Vpncy action required in that compartment,

i Weapons Officer shal! assist the Weapons Officer,

Be Crew's Mess ard ketp the Commanding Ofticer informed of
[ personnel. When indicated, the Madical Officer or Cornsman
“the status of the atmasphere in the alfected compariment and

rto tt;n Commanding Officer concarning the use of Emergency
masks,

ﬁn treatment of injured personnel,

m and assist the cxecutive Officer In combatting the

Mudivo communications are extablished ¢t ¢ - xne o the

)

Hcal Officer is on watch the above duties 5. : be pectormed by
§-Assistant,

be Control Center and man the JA . 'nes to act as & back-up
iDamaye Control Assistant in Control,

H:ttlng of watertight doors, isolation of equipment or systems,

Peration of the ship's ventilation system such that the spreeding

R is minimized.

Hthe Commanding Ofiicer and ine Officer o iie Dk ae idormed
5. .

acy Is in other than the Engineering Spaces, procesd o the

it Exscutive Officer,

L If the emergency Is in the Engineering Spaces proceed to the Control Center,
man the JA phones and direct the overall operation of ship's equipment to best control
the emergency.

2. Kesp the Commanding Officer informed of all significant developmants and
suspected or anticipated damage to the ship's systems.

{nat specifically assigned duties herein shall proceed to the Damage
areas or to appropriste dapartmental spaces which may be
€y, lake charge of emergency #ction, and render all pcisible

casuakiies/emergencies in the Enginesring Spaces a qualified

B the Comrol Cncter and monitor the 2JV 1o assist the

? and Officer of the Deck,

e sounding of any emergency alarm, ALL HANDS shall

J the following actions and then follow the provisions of the

' that emergency:

od flappers,

vecirculastion blowers and precipitions except vor NavCenter

, and AMRIZ fans uniess the casuahty i in one of those

ocgen into the ship,
, Including lower bridge hatch

F OR FLOODING - Shut and dog all watertight doors and deck

EMERGENCIES - Watertignt doors will be placed on the latch unti)
of the casualty is determined, Doors may then be opened
Control Party w the scene on the orders from senior wan

‘man in sach compaximent is in charge of that compartment, it
the seniot man on the scene make both his presence and the
@ known to all others on the scene. The senior man in the
shall evacuate all unnecessary personnel and ensure sound
mnnod # the scene as soon as possible, The senior man in
ment is responsible for moving damage control equipment
the casualty as prescribed and required.

L The first and primary duty of the man discovering any casualty is to inform
the appropriste control station - Control Center, Maneuvering Room, or Launcher -
of the emergency and location via voice, MC, or sound powered phons. He must
850 spread the alarm by word of mouth in the affected compartment,

Man designated phone circuit in the below listed locations. Maintain silence
on the circuit except when originating information concerning the emergency. Al
sistions thall report rigged for emergency only when ordered by the controliing sta-
tion. Ensure that phones are manned by personnel qualifisd in accordance with the
Submarine Interior Communications Manual,

STATION . SIRCUIT .. CONTROLLING STATION
Torpedo Room JA Control Center
Control Center JA Control Center
Navigation Cenfer JA Control Center
Crow's Mess JA Control Conter
Crew's Living Space JA Control Center
Missiie Control Center JA Conarel Conter
Launch Operations Station JA Control Center
Auxitisry Machinery Room #1 2V Maneuvering Room
Auxiiary Machinery Room #2 2V Maneuvering Room
Engine Room Upper Level v Maneuvering Room
Mansuvering Room uv Maneuvering Room
JA Control Center

Mansuvering shall report to the Control Center via JA phone for the
Enginesring Compartments,

o Lam,

e L ozttt AR R I e e Y b
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B. TECHNOLOGY ANALYSES

1, Design Approach

Using current submarine design concepts and approaches, we determined
basic equipment and crew functions required for its operation. Cur-
{ rent systems/functions (referred to as elemerts) and crew members

9 i were grouped within 10 subsystems in order to ald in the systems

b : analysis, Reorganization of watchstander functions was sometimes

3 l necessary. Table III-B-1 illustrates the grouping of the major

3 ; elements within the 10 subsystems. Table III-B-2: " lustrates the

3 . grouping of the normal underway watchstanders within the iQ sub-

' systems. It is acknowledged that there must be some redistribution
of watchstander duties along with any increase in mechanization and
decrease in available watchstanders.

it

applied to optimize the operation of the elements of each subsystem.

This design approach was applied to individual subsystem elements to
independently predict each subsystem's contribution to integrated :
ship operation.

Figure I1I-B-1shows a flow diagram to illustrate the basic approach g

The design approach, developed from our functional analysis of :
: ‘ current submarines, was used to determine what criteria are import~ 3
ant to the design and utilization of submarines. These "selection
criteria” became an input to a matrix to determine the optimum
design of the new generation submarine.

The functional analysis of the baseline submarine further disclosed
that a vast amount of system control was perfcrmed manually. Our
aerospace experience has shown that mechanization of mundane tasks
improves operation and increases system efficiency.

et s A e B S ik

2. Selection Criteria

The Selection Criteria were developed to enumerate those factors
essentlial to submarine design and operation. We have strived to
pick those criteria that can best be used to evaluate the effect
of individual element change on the impact of submarine operation.

' Five primary selection criteria were defined: (1) decreased cost;
(2) increased availability; (3) reduced crew size; (4) increased
survivability; and (5) increased operability. These five selection
criteria and the subfactors defining the criteria are shown in
Tabie III-B-3.

B S TR NI VLAV O

ITI-86

S A s At el e el Bdac 1 b e W v Lo A 00 ot 81 R MR a0 SR L1 I i A SR sl




b Table III-B-1 Elements Grouping Within Subsystems

S TIRSEAE T T e A ST S SR

mT

SHIP CONTROL SUBSYSTEM ELEMENTS ENGINEERING SUBSYSTEM ELEMENTS
Submerging : (Continued)

—
.

15. Fresh Water Drain System Control

g
%’ 2. Normal Surfacing . :
g' 3. Emergency Surfacing 16. Main Propulsion Turbines
? 4. Alternate Surfacing (low pressure blow) 17. Clutch Controf :
bl 18. Emergency Propulsion Motor
. 5. Trim and Buoyanc
% : , . ) yancy Control
3 J. Main Drain System 19. Shaft Seal
‘ 7. Auxiliary Drain System 20. Lube 0i1 (Main, Shaft, SSTG)
3 8. ToverTng Capak-lity 21. Ship Service Turbine Generator
; 9. Steering Control 22. Ship Service Motor Generator
b 10. Depth Control Control 5
E 11. Depth Sensing 23. Diesel Engine Control ]
- i2. Rig for Dive/Surface 24. Diesel Generator Control §
2 13. Propulsion Mode 25. Battery Monitoring l;
14. Propulsion Speed 26. Main Electrical Distribution ;
L 15. Casualty Actions Control
L . 27. Secondary Propulsion Motor :
ENGINEERING SUBSYSTEM ELEMENTS Contro?
S 1. Steam Generator Water Level Control 28. Turbine Jacking Gears 3
E : 2. High Pressure Drain System Control 29. Lube 0i7 Transfer E
- é 3. Chemical Sampling and Analysis 30. Casualty Actions ;
4 f? 4. Auxiliary Fresh Water System Control AUXILIARY SUBSYSTEM ELEMENTS é
: g 5. Makeup Feed Control 1. Air Conditioning ;
E 5 6. Ma1? feed System Control 2. High Pressure Air Compressors J@
: § 7. Auxiliary Steam Control 3. Hydraulic Plant Control g
- 8. Sea Water Cooling Control 4. Refrigeration Plant ‘
; 3 9. Turbine Gland Seal 5. High.Pressure Air System E
. F - 10. Condensate System Control 6. iow Pressure Air System :
¥ 11. Hot Well Level Control 7. Evaporator Contro]
12. Low Pressure Drain System Control 8. Distilling Unit Contro! )
13. A1T Ejector Control 9. Air Conditioning Cooling Water ;
14. Main Steam System Control 10. Control Air Compressors }
]
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Table III-B-1 (Continued)

AUXILIARY SUBSYSTEM ELEMENTS
(Continued)

11. Electronic Equipment Cooling
12. Air Conditioning Chill Water
13. Fuel 0il and Compensating Water
14. Anchor Release

15. Windlass and Capstan

NAVIGATION SUBSYSTEM ELEMENTS
1. Gyro Compass

2. Dead Reconing Analyzer Indicator

3. Electromagnetic Log

4. Central Navigation Computer

5. Satellite Navigation Fix Capability

6. Radio Navigation Fix Capability

7, Inertial Navigation System

8. Navigation Control Console

9. Ocean Bottom Navigation Fix Capability

10. Periscope Optics

EXTERNAL COMMUNICATIONS SUBSYSTEM ELEMENTS
1. MF/HF Transinitter

UHF Transceiver

MF/HF Transceiver

VLF Reczeivers

MF/HF Receivers

Teletype Equipment
Security Equipment

Radic Telephone
Multicoupler

MF/HF /UHF Antenna Control
Emergency Antonna Control
VLF Antenna Control

O 00 N O O AW N
s e s e & e e =

b P b
N = O
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EXTERNAL COMMUNICATIONS SUBSYSTEM
ELEMENTS (Continued)

13. Entertainment Receiver
14. Antenna Performance Monitoring

SONAR-ECM SUBSYSTEM ELEMENTS

1. Passive Sonar (Conformal Array)

2. Active Sonar

3. Passive Sonar {Cylindrical Array)

4. Passive Sonar (Narrow Freguency
Band)

5. Passive Sonar (Trailing Array)

6. Passive Sonar (Overhead Array)

7. Sonar Performance Computer

8. Fathometer

9. Underwater Telephone

10. Sound-Velocity Profile Deter-
mination

11. Sonar ECM
12. Sonar Contact Classification

13. Sonar Parameter Identification
(Signal Modulation)

14, Radar
15. EZM
16. Electronic Identification

System
17. Microwave Internept ..eceiver
18. ECM Contact Classification
19. Sonar ard ECM Antenna Control
20. Sonar Trailing Array Control

21. Sonar Array Perfcrmance Moni-
toring

i it
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DK 5
‘ | Table III-B-1 (Concluded) %
{ E: DEFENSIVE WEAPONS SUBSYSTEM ELEMENTS Sﬁ§g€k¥§ AND DAMAGE CONTROL SUBSYSTEM '%
. ik 1. Torpedo Tube Operation = :
; iz 2. Torpedo Loading 1. Emergency Lighting vg
i g? 3. Torpedo Firing 2. Hydrogen Detectors .g
ol 4. Signal Ejector Loading 3. watertight Doors !
§ {» 5. Signal Ejector Firing 4. gzgi:;;on Detection (Status and g
: ] 6. Target Motion Determination 5. Ship Casualty Message Release _;
; ] 7. Torpedo Input Selection 6. Casualty Alarms :
Q H STRATEGIC WEAPONS SUBSYSTEM ELEMENTS 7. Ship Control Casualty Detection ?
i 1. Missile Tube Operation 8. Casualty Response ;
; % 2. Missile Tube Pressure Control 9. Solution Evatuation
: g 3. Missile Gas System 10. Smoke Detection
: .§ 4. Missile Launch Compensation
. gi 5. Missile Tube Hydraulics 4
: §§ 6. Missile Tube Humidity Control :
f ff 7. Missile Tube Temperature Control ;
g f§ 8. Missile Launch Preparation ?
" 9. Missile Launch Initiation 9
; g HABITABILITY SUBSYSTEM ELEMENTS E
? ;é 1. Ventilation System %
; §§ 2. Compartment Recirculation Fans }
E '% 3. €02 Scrubber Control §
‘o 4. 02 Generator Controi ;
g 1 5. CO/Hz Burner Control %
é :" 6. 0, System Control : @
;o 7. Potable Water System ‘ j

8. Plumbing-Sanitary Tanks

9. Temperature and Humidity Control

10. Trash Disposal
Food Preparation
12. Laundry

-
—t
13
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Table IIT-B-2 Existing Crew Subsystem Division

1. Ship Control Subsystem

Commanding Officer

Officer of the Deck

Diving Officer of the Watch
Chief of the Watch

Helmsman

Flanesman

{.ee Helm

2. Enginecring Subsystem

Engineering Officer of the Watch
Engineering Watch 3upervisor
Engine Room Supervisor

£ngine Room Unper Level

Engine Room Lawer Level
Machinery Rcom 2 Upper Lovel
Machiriery Room 2 Lower Level
Reactor Operator

Electrical Operator .
¥ Auxiliary Electrician Aft

3 i Throttl=man

i Engineering Laboratory Technician

3. Navigation Subsvstem

Navigation Center Supervisor
Navigation Equipment Technician
Navigation Center Watch
Quartermaster of the Watch

R T L A U

4. Auxiliary Subsystem

Auxiliarvinan Forward
Auxiliaryman Aft

5. Defensive Weapons Supsystem

Torpedoman (bow compartment)

ST ekl e A e T T e T P MG 5 e bt

6. Strategic Weapons Subsystem 1

Missile Control Center Supervisor i

Missile Control Center Watch ;

Launch Operations Station Watch b

Assistant Launch Operation Station Watch -

s Missile Compartment Roving Watch : g
]
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I Table 1II-B-2 (Concluded)

7. Habitability Subsystem

Machinery Room 1 Watch
Auxiliary Electrician Forward
Corpsman

Mess Cooks

Mess Specialists

Yeoman

Storekeeper

8. External Communications Subsystem

e ———— e . .
Y P TR A T D Ay

; Radioman Supervisor
: Radioman Watch
Dy
i 9. Sonar-ECM Subsystem
Ly ) Sonarman Supervisor
g : ' Sonarman Watch
§ 10. Damage Control Subsystem
o A11 Personnel

s T TGP Loy S

“FBUr 5y
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Table III-B~-3 Selection Criteria

1.

Decrease Cost

This criteria includes the costs of designa, construction, testing, and
lifetime maintenance, but does not include any savings due to a possible
crew reduction.

Increase Availability

This criteria is defined by the following items:
a. Improved strategic weapon and navigation subsystem operation:

1) Reduction or elimination of ship motion 1imits or events
(i.e., fewer trips to periscope depth).

2) Reduction of physical equipment iimitations {i.e., required
navigational fix frequency to maintain the desired inertial
navigation platform accuracy).

3) Improved accuracy.

4) Equipment is maintainable by technicians trained in Navy schools.

b. Improved communications reception and transmission:

bt b, 2

1) Reduce operational antenna 1limits as a result of ship motion
and detectability.

2) Increase equipment reliability.

3) Improve equipment.operational capabilities, including frequency
limitations and choice of operating equipment.

c. Improved command and control action:

1) Message completion validation.

T e A A e e e

2) Message validity.

ok

L

d. Reduced refit time (in-port repair time).

1) Reduced equipment failure rates.

ESTEIVERPINCPI ST

2) Increased at-sea repair of equipment.

i EAEE
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Table IIT-B-3 (Continued)

e. Increase reliability of the element, subsystem and ship in the
operating condition:

1) Improved mean time betwecn failure.
2) Reduced mean time to repair.
f. Improve the operating cycles.

1) The capability to vary the time cycle between crew transfers.

———— e

2) To provide the capability to select the place (i.e., at sea, in
port) of the crew transfer.

mad mAA s~ —y smvmly Vamdea owmd armerdvmosam.
STL PBITLTO2AI) WUI A jUuQud aliu cyul kil
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3) To determine the requirement for a refit period ahead of time,
repair.

3. Reduce Crew Size

This criteria evaluates the reduction of crew size with increased
mechanization.

a. Reduction of control station locations through:

1) Centralization of control areas.

2) Reorganization of watchstanding requiremeni. and functions.
b. Reduced maintenance training requirements.

1) Equipment technology improved.

2) Modular design.

3) Equipment designed for maintainability.

¢. Decreased life cycle costs.

1} Fewer equipment operators required.

2) Use of Navy's "Standard Hardware Program" (MIL-STD-1378A). |
3) Less maintenance (fewer maintenance men required).
d. Improved use of personnel.

1) Diversified training improves individual efficiency.

111-94




VI TS

e EDTIEAT

N T TN SR L S B T, 337

it

e —— . —— e s

R et o7 o i e AT

Table III-B-3 (Continued)
2) Undesirabie tasks reduced and/or accompliskzd by computer
assistance.
3) Boring watches eliminated.
4) Increased skill utilization.
e. lmoroved operational capability.
1) Normal watch conditions minimized.
2) Improved response to abnormal conditions
3) Centralized information displays.
4) Reduced requirement on voice interior communications lines. 3
f. Requirement for in-port support. “
1) Non-technical support required. g
2) Effect onltendgr support required due to increased technology.
3) Support requirements can be predetermined.

4. Increased Survivability E

This criteria defines improvement in the survivability of the sub-
marine.

a. Reduced own-ship detectability. i
1) New equipment is quieter due to technology and operation.

2) Noisy .vents are grouped and randomized bv using computer pre-
dictions.

3) Computer control reduces ship operational noise.

b. Covert escape on detection.

1) Computer recommendations based on all tactical input to provide
the best possibility of escape.

2) Improved maneuvering capabilities.

3) Control of own ship noise. 3
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Table III-3~3 (Continued)

c. Improved tactical weapon capahility.

1) Computer recommendation of tactical maneuver.

2) Target motion analysis techniques.

T bt il 5 R S AR, SN i < TP T

3) Torpedo control capability.
4) Decrease fire control party requirement.
d. Improved detection capability.

1) Automated antenna control.

o et :‘_-", WIS "5mrm“f’?"m!?»¥??~!aﬂ.\’?1‘!’%"'_/7”%:‘;;%0'»_:;«') -,

2) Analysis of sonar data.

3) Better control nf own-ship to:

il e Dl
vy

o et S . i ® Py i it o K i, «<_; G iy o By 4 T

g (a) minimize noise

1 (b) maximize the capability tuv obtain data.

? e. Automated contact analysis.

2 1) Computer recomendation for maximum data (equipment use

é and own-ship maneuvering.

; 2) Noise signature profiles in memory. .

;; 3) Automated classification of contact. L

{ ; f. Faster reaction time. } §

E" 1) Data transfer time. ‘Aé

f ; 2) Computer recommendations to minimize detection. ! %

; 3) Casualty control recommendations (or actions). f é
5. Improved Operability | E

This criteria evaluates the ease in operating the submairine with increased ?

mechanization. v
a. Is the technology available. A

1) State-of-the-art concepts,
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g ; ‘ : Tuble III-B-¥ (Concluded)
A

] % %— 2) Reliable equipment.
f. g % 3) Ease of maintenance.
z. . % b. Is ship safety improved - )
é ; % 1) Ship status displayed to operator.
1 g % 2) Less communication delay time.
fi f 3) 'Computer recommendation and evaluation of control actions.
? ‘ c. Are secondary functions provided 4
g o 1) Alarm formats E
% ; 2) Trend analysis a
; % 3) Failure diagnosis ‘Q
? ' ? 4) Data recording and analysis E
1 ; ; 5) facticaI.and operationai data storage and retrieval é
. ; i 6) Maintenance administration ;
% | ; 7) Medical diagnosis é
: é 8) Training information f
f'; g. d. Is human error reduced g
;.% % 1) Operating errors i
% { 2) Maintenance errors ;
i g e. Is the equipment fully utilized 3
% j % 1) Does it duplicate equipment in other subsystems ;
i f % 2) Is the equipment standardized to facilitate maintenance and %
E ; % training ;
b g 3) What is its frequency of use E

% f. Additional operational training required %

s. o 1) Man must know more about more equipment é

%uwa& 2) Greater skills required g
3) Diversified training required ?
ITI-97 '
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To provide a numnerical method of weighing the relative value of each
criteria to the total, a weighting matrix as shown in Figure III-R-~2
was developed. Each prime selection criteria was evaluated relative
to the others. A numeric 2 was assigned to a criteria if it 1is more
important than the criteria it was compared to; a 1 was assigned if
the criteria was less important. From this matrix the relationship
of the raw weight of each selection criteria was determined by sum-
ming 1ite comparative values. The normalized weight factor for each
selection criteria was determined for actual use in the evaiuation
process.

Degree ¢f Mechanization

Our review of current and potential submarine control systems indi-
cated that five steps or degrees of mechanization are identifiable.

Y_o_ A 41 VTeintbmns I -~
These stepe are shown in Figurc ITI-B-3 and illustrates the change

between the completely manual to the completely avtomatic system
control. Increased mechanization is reflected by proceeding from
left to right within the figure.

The first degree of mechanization as shown in Figure III-E-3 is the
"manual/oral" mode. An abnormal condition is detected by & watch-
stander who vocally relays via an interior communirations system
the condition to the 00D. The 00D must understand what has been
verbally transmitted, acknowledge, and using past experience, or
judgment, issue a command to be relayed via an interior communica-
tions system, to the ssme or znother watchstander for manual opera-
tion of a valve or switch to correct the problem or condition.

Such a "manual/oral' mode is highly subject to the possibility of

a nisunderstanding and human errcr. 1f multiple problans dsvelop
concurrently, the stress situation, an information overload,

placed on the 00D further complicates a correct solution to the
problems.

The second step in the mechanization process is to bring all pertin-
ent data to a central monitoring panel and to present status data

to the OOD in a convenient organized manner. This step, "central
statusing"”, requires the telemetering of all pertinent data to the
central monitor. The amount of data handled is limited by the
organization and physical size of the central monitoring panel.

To telemeter the data, many conventional, visually read, senscrs
must be replaced with transducers whose electrical outputs can be
transmitted over data buses to the centrally located display.

The data buses can be co-axial cable, or using the latest technology,
fiber optic data light pipes.
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In the next step, "man-machine control', it is appropriate to use

a computer driven CRT as the central monitor. The computer is used
to reduce the data and present it to the operators in easily under-
stood formats. Since all information is processed by the computer,
diverse analog or digital data such as pressure and temperature can
be codisplayed on the CRT in tabular or graphical form.

The 00D is only presented pertinent, changing, requested, or alarm
information on the display. The computer using a CRT or printer can
also provide the 00D with trend data, diagnostic suggestions and
operational recommendations. The OOD must still wverbally pass his
commands to appropriate watchstanders for corrective action.

The next progressive step in the mechanization process, ''remote
control", is to provide local actuators throughout the ship that

can be controlled remotely by an officer from a ceniral counirol
console. The officer is aware of ship conditions on his CRT dis-
play and can take appropriate actions through push-buttons or through
keyboard commands eatered on the console. The officer is in control
of all actions and makes decisions aided by computer recommendations.

The next step, 'computer control', uses the ship control computers

to constantly evaluate all conditions 2nd to automatically make the
appropriate decisions and command the designated actuators to control
thelr related aquipments. All abnormal conditions are displayed to
the officer in addition to the action the computer is taking. Pro-
vision is provided for the officer to override any computer action.
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Mechanization Values

The next phase of our study was to quantify the extent of mechaniza-
tion desirable for each element of each subsystem. Each subsystem
element (ref: Table III-B-1)was evaluated using the "Selection
Criteria'" to determine the effect of each incremental advancement

in Degrees of Mechanization. In order to determine the extent of
mechanization, the evaluation criteria were applied to each incre-
mental advancement. The criteria used determined whether or not

a change in the level of mechanization of the element would enhance
or degrade cost, availability, crew size, survivability, and opera-
bility. The individual criteria were measured in terms of the factors
shown in Table 1II1I-B~3, Selection Criteria.

a. Element Mechanization Values - The numbers +1, 0, or -1
were assigned at the selesction cciteria factor level. A "+1" was
assigned to a selection criteria factor if it enhanced that step.

A "0" indicated no change and a "-1" indicated a detrimental affect.
The numbers were summed for the factors of each of the five criteria,
proceeding one mechanization step at a time.

The results were welghted according to the relative worth (normalized
weight fac - ) of the five selection critéria as determined in Figure
III-B-2. Jelghted criterion values constitute the net value of
making tl. ..e change,

The entire process was repeated for the next level of change in
mechanization until a numerical value has been determined for each
change in level of mechanizatlon., Figure III-B-4 provides a pic-
torial representation of this optimum mechanization evaluation
process.

The element mechanization values are shown In Figures 1TI-B-5 through
III-B-14. Chenges in every element of each subsystem were evaluated

and plorted. The curves were used tc assess the optimal level of
mechanization for each element.
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b. Subsystem Mechanization Values - It was deemed desirable to
determine each subsystem's mechanization value for each step of in-
crease in mechanization. A subsystem's total 'mechanization value"
for a particular mechanization step was determined by summing the
contribution of the individual elements considered within that sub-
system for that mechanization step. Thus, to determine the total
subsystem's mechanization value, the numeric value of each element
for a given mechanization step for a specific subsystem was summed
and is shown by mechanization steps in bar-graph form in Figures
II1-B-~15 through III-B-24.

The subsystem mechanization values illustrated on these bar-graphs
indicate a measure of the total value that would be achieved if each
element in that subsystem was advanced to the next level of mechani-
zation. The values were derived without regard to &n "optimum" level
of element mechanization and therefore they should not be construed
to illustrate the most efficient or desirable amount of mechanization
that should he utilized. The optimum points of mechanization were
derived for each element by consideration of the inflection points
on Figures III-B-5 through III-B-14 and by the integration of elements
into operable subsystems. This consideration must be made since each
subsystem and the ship generally operate as a whole and individual
elements, cannot always be considered independently.
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Mechanization Recommendations

The optimum degree of mechanization for each element was determined

based on gain of advancing through additional steps of mechanization.
The inflection point (change in direction of the slope) of the curves
shown in Figures I1I-B~5 through III1-B~1l4 served as a guide to the

selection of the optimum degree of mechanization for the various ele-
ments of each subsystem. The inflection point provided the basis for
determining the recommended mechanization for each subsystem element.

Figure II1-B-25 illustrates the optimum degree of mechanizatlon se-
lected for each element. The dot (e) on the figures represents an
indication of the average current state of mechanization on a baseline
SSBN. The arrow (=—+) indicates the degree of mechanization recom-
mended as a result of the analyses performed in this study. The rela-
tive length of the arrow represents a measure of the amount of mechan-
ization advancement for each subsystem element.
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Figure

[ SHIP CONTROL SUBSYSTEM |

IIT-B-25 Uptimum Element Mechanization Seleetion for an Integrated Ship

ELEMENT 1 II 111 IV v
Submerging - —»
Normal Surfacing L -
Emergency Surfacing - - ——PpCasualty
. Reaction
4. Alternate Surfacin o— -
(Low Pressure B]ow?
Trim and Buoyancy ® —
Main Drain System ¢ 5
Auxiliary Drain (Y
System
8. Hovering Capability [
9. Steering Control o —
10. Depth Control - S
11. Depth Sensing o—P
12. Rig for Dive/ o ——Po————Pp———Po (Partial)
Surface
13. Propulsion Mode @ 2
14. Propulsion Speed - -
15. Casualty Actions o— —»>———— —— g(Partial)
ENGINEERING SUBSYSTEM
ELEMENT I 11 IT1 IV )
1. Steam Generator o
Water Level Control
2. High Pressure Drain ® »
System Control
3. Chemical Sampling e
and Analysis
4. Auxiliary Fresh @ —
Water System Con-
trol
III-128
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Figure III-B-25 (Continued)

~

ENGINEERING SUBSYSTEM (Continued)

¥ _ELEMENT I 11 I11 IV v
z 1 5. Makeup Feed Control [ >  @Initiation
E Main Feed System o— —»
L Control
4 7. Auxiliary Steam Con- o — 3
P B trol ,
g : 8. Sea Water Cooling o— F ,'
5 Control ;
9. Turbine Gland Seal °
; 1 10. Condensate System ® — "'
? ‘ Control
 k 11. Hot Well Level Con- [ —» ®
1 trol
1 12. Low Pressure Drain ®
: System Control
E 13. Air Ejector Control o o _
A1 14, Main Steam System L 2 > i
Control ' :
15. Fresh Water Drain ® ;
System Control T
16. Main Propulsion [ - > ]
Turbines i
B
17. Clutch Control o— - i
18. Emergercy Propul- - : » k
sion Motor Control ;
19. Shaft Seal ) '
20. Lube 0i1 (Main, @ > o
Shaft, SSTG) g
21. Ship Service Turbine ' o——p ]
Generator . ;
22. Ship Service Motor ——— o
Generator Control
23. Diesel Engine Ccn- @ —»
trol
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Figure ITI-B-25 (Continued)

ENGINEERING SUBSYSTEM—(Continued)

ELEMENT

i II I11] IV v

Cooling

ey v SN T R e NRANACHT i o b B R oS it

24. Diesel Generator o ———
Control
25. Battery Monitoring e — i
26. Main Electrical Dis- o |
tribution Control ;
27. Secondary Propulsion ® !
Motor Control ?
28. Turbine Jacking o
Gears
29. Lube 011 Transfer 2> —>
30. Casualty Actions o— o — — —-p»——P»{(Partial)
AUXILIARY SUBSYSTEM | 3
ELEMENT I II II1I IV v 3
5
1. Air Conditioning o- . 4 g
2. High Pressure Air o— — '
Compressors i
3. Hydraulic Plant o— 3
Control 1
4. Refrigeration Plant o— o 'i
5. High Pressure Air L 2 > i
System :
6. Low Pressure Air o- >
System
7. Evaporator Control o : :
8. Distilling Unit Con- o
trol
9. Air Conditioning o -
Cooling Water
10. Control Air Compres- ® —»
sors
11. Electronic Equipment ®- |
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Figure IIT-B-25 (Continued)

AUXILIARY SUBSYSTEM (Continued)

ELEMENT

I 11 ITI

12.

13.

14.
15.

Air Conditioning
Chill Water

Fuel 0i1 and Comp-
ensating Water

Anchor Release
Windlass and Capstan

ELEMENT

VYV

.~_
*—
o
°

NAVIGATION SUBSYSTEM

I I1 III IV y ]

10.

Gyro Compass

Dead Reconing
Analyzer Indicator

Electromagnetic Log

Central Navigation
Computer

Satellite Naviga-
tion Fix Capability
Radio Navigation Fix
Capability

Inertial Navigation
System

Navigation Control
Console

Ocean Bottom Navi-
gation Fix Capabil-
ity

Periscope Optics

ITI-131




R e

i
?
E
'
i
’
i
;
i

Figure

IIT-B-25 (Continued)

EXTERNAL COMMUNICATIONS SUBSYSTEM

ELEMENT

1 I1

II1

.

0 0 N Oy, B oW N

p—
o

11.

12.
13.

14.

MF/HF Transmitter
UHF Transceiver
MF/HF Transceiver
VLF Receivers
MF/HF Receivers
Teletype Equipment
Security Equipment
Radio Telephone
Multicoupler

MF/4F/ULF Antenna
control

Emergency Antenna
Control

VLF Antenna Control

Entertainment Re-
ceiver

Antenna Performance
Monitoring

ELEMENT

P00 9200009

o —»

SONAR ECM SUBSYSTEM

) 11

111

'

Passive Sonar (Con-
formai Array)

Active Sonar

Passive Sonar (Cyl-
indrical Array)

Passive Sonar
(Narrow Frequency
Band)

Passive Sonar
(Trailing Array)

? T Y

®
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Figure ITI-B-25 (Continued)

Pl

| SONAR ECM SUBSYSTEM (Continued)

ELEMENT I il III IV
6. Passive Sonar (Over- o »
head Array)
7. Sonar Performance o—h
Computer
8. Fathometer o—P
9. Underwater Telephore ®
10. Sound-Velocity Pro- *o—P
file Determination
11. Sonar ECM *—h»
12. Sonar Contact Clas- o
sification
13. Sonar Parameter o— —P»
Identification
(Frequency Modula-
tion)
i4. Radar o
15. ECM . 2 -
15. Electronic Identifi- o
casiJn System
17. Microwave Intercept . - —»
Receiver
18. ECM Contact Classi- - — »
fication
19. Sona~ and ECM A.cen- o
na Coitrol
20. Sonar Traiiing Array o
Control
21. Sonar Array Perform- - -

ance Monitoring
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Figure TII-B-25 (Continued)

ELEMENT

DEFENSIVE WEAPONS SUBSYSTEM

I

Il I1T

IV v

Torpedo Tube Opera-
tion

Torpedo Loading
Torpedo Firing

Signal Ejector
Loading

Signal Ejector
Firing

Target Motion Deter-
mination

Torpedo Input
Selection

ELEMENT

0

—»

STRATEGIC WEAPONS SUBSYSTEM

1

II III

Missile Tube Opera-
tion

Missile Tube Press-
ure Control

Missile Gas System

Missile Launch Comp-
ensation

Missile Tube Hydrau-
lice

Missile Tube Humid-
ity Control

Missile Tube Temp-
erature Control

Missile Launch
Preparation

Missile Launch
Initiation

*-

._.______.
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‘g ) Pigure IIT-B-25 (Concluded)

HABITABILITY SUBSYSTEM
[1 111 IV v

ELEMENT

1. Ventilation System

2. Compartment Recircu-
lation Fans

3. €0y Scrubber Control
4. 02 Generator Control
5. CO/H2 Burner Controil
6
7
8

v

v

7

02 System Control
Potable Water System

Plumbing-Sanitary
Tanks

% '9. Temperature and Hum- ®
: idity Control

10. Trash Disposal
11. Food Preparation
12. Laundry

299909 o9 -
v

vy

CASUALTY AND DAMAGE CONTROL SUBSYSTEM
11 111 IV v

ELEMENT

Emergency Lighting
Hydrogen Detectors
Watertight Doors

Radiation Detection
(Status and Survey)

5. Ship Casualty Mes-
sage Release

Casualty Alarms

Ship Control Cas-
ualty Detection

8. Casualty Response
9. Solution Evaluation
10. Smoke Detection

2w N =

>

*9 o |-
|
v vy

—»— —— P~ -PPartial
>

> P
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Crew Requirements

Analyses of the approximate number of crewmen that would be required

to operate each of the 10 subsystems at each of the five levels of
mechanization were performed. The results of these analyses and a dis-
russion of their meaning and manner of interpretation is presented in
Appendix III. The macerial presented in the present section is directed
tuo a discussica of the crew requirements for a new generation SSBN
designed as an integrated ship to meet the optimum merhanization con-
cepts recommended in our study.

These crew requirements were developed through comparisons of exist-
ing crew manning requirements for the baseline SSBN and the mechaniza-
tion concepts developed for ship's subsystems as identified in Table
III-B-25. An in-depth analvsis of the mechanization concepts indicated
that nine broad classes of crew functions would be required for the
crew of the new generation SSBN:

(1) Decision-making;

(2) Console (C&D) tasks;

(3) Response to computer-initiated alerts:
(4) Manual operation of eguipment;

(5) Preventive maintenance;

(6) Corrective maintenance (replacement cf modules put off-line by
computers and computer-assisted disassemblv and repair);

(7) 1Inspection tasks;
(8) Casualtv and damage control;
(9) Override computerized functions.

The watch structure as i currently exists was discaried in the new
genera:ion SSBN concept. However, certain aspects ol a watch-tvpe
structure have been retainaed. Specifically, two watch stations have
beern identified--one at t=e Ship's Control Console anl one at the
Engineering Plant Comsole. Both of these watch stations utilize
officer watchstanders. The ofiicer on watch at the Ship's Control
Console has been designated Officer of the Deck (00D) and the of-
cer on watch at the Engineering Plant Console has been designated

Engineering Officer of the Watch (EOOW). These two designations
were retained because the duties and responsibilities of the two
officers will be essentially the same as the current responsibilities

for the 00D and EOOW shcwn in Table ITI-A-13.
T1I-136
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The essential differences will be that the 00D and EQOW will effect
thelr responsibilities not be receiving verbal reports and issuing
verbal commands, but rather by interfacing with the computer througn
their respective consoles.

The new generation SSBN concept requires winimal manual actions to

accomplish nominal and contingency evolutions; however, certain manual
j orarations were retained. The requirement to perform a limited number
' of manual operations plus the requirement for maintenance and casualty
contrcl dictated additional crew members to assist the OCD and EOOW.
An in-depth analysis of the retained manual operations, maintenance
requirements, and response to various forms of casualty situations re-
suled in the assignment of three enlisted crewmen to 00D and three to
the EOOW. These six crewmen would not be watchstanders in tha tradi-
tional sense; rather, they will ba available to the 00D and EOOW during
thelr watch to perform tasks at their discretion. Their major respon-— )
sibilities would be to perform operational tasks, and preventive and .
corrective maintenance under direction of the O0OD and EOQOOW.

v

Since e requirement for personnel services will be essentially un-
changed on the new generation SSBN, ar analysis of the crew required

to perform functions of food preparation, storekeeping, medical, and
records (yeoman) preparation, etc was performed. The aumber of crewmen
required to perform these functions is dependent on the total crew size.
Our analyses indicated that a total of three crewmen can perform the
personnel services on the new generation SSBN. Two crewmen would be
assigned to perform cook/storekeeper functions and cne crewman would
perform medical/yeoman functions.

¥
.
E
i
i
E

A - o 2 A o

A nominal crew complement of 30 crewmen would be required to operate
the new generation SSBN for all nominal and contingency evolutions.
Seven of the 30 are officers--Commanding Officer, tkree to serve as

: 00D and three to serve as EOOW. The requirement for three 0ODs and
EOOWs ari:es from the requirement for a three section watch rotation.
A nominal complement of 18 enlisted crewmen would serve as operational ;
personnel for the 00D and EOOW; they will be designated Maintenance !
Technicians (MT). The MTs will have two basic skill specialties—- ;
electrraics and mechanies (including hydraulics). A majority of the

2 new gen:cation SSBN maintenance requirements will be electronic (includ-
2 . ing computcr); therefore, 12 MTs will he el-:citronic specialists and six
: will be mechanics specialists. The MTs will have secondary skill spec-
ialties which may come from specialized short cour:e:; e.g., weapous,
navigation, cormamunications, etc or from on-the-job trairing. Three
electronics MTs vill be assigned to the 00D watch--one will have a sonar
gkill specialty and one a computer skill specialty. Two electronic MTs
and one mechanics MT will be assigned to the EOOW vatch. It is antici-
pated that in an operational enviornment some crew members will be new K
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trainees; therefore, two new trainee crewmen were added to bring the
total crew size to 30.

1t is reasomable to assume that administrative functions will be es-
sentially unchanged in a new generation SSBN; therefore, a rreliminary
adndnistrative structure was proposed. The administrative structure
for a crew size of 30 is shown in Figure I1I-B~ 26

Analysis of the crew operations for nominal and casualty evolutioans om
the new generation SSBN were performed to insure that a crew of 30 could
accomplish the SSBX mission. For nomiral evolutions, the analyses in-
dicated that all could be successfully performed Sy the 00D, EOOW, and
six Maintemance Techmicians on a three section watch rotation. Tables
III-B~4, 1II-B~5, and III-B-6 present the results of these analyses for
three major ship comtro! evolutions of diving, surfacing, and snorkel-~
ing. Each table presemts a comparison of the crew activity sequence
and the imvolved crewmen required on the baseline SSBN {on the left)
and the crew activities required on the new gemeration SSBN concept

(on the right).

Obviocusly, the majcr differemce between activities for nmew generation
as compared to baselime SSBN for all three evolutions is the dramatic
reductfion in manual operatioms and verbal repo- -s, and a concomitent
reduction in persomnel requirements. For example, nominal performance
of diving in the baseline SSBN requires 37 identifiable activities, and
the active parcicipation of 12 crew members plus the participation of
all watchstandsrs to rig the ship and report conditioms to control.
Diving in che mew generatiom SSBN requires 13 identifiable activities,
three crewmen (00D, his temporary relief, and a Maintenance Techmiciamn),
vastly reduced requirements for manmal rigging of the ship, and no
nominai requirements for verbal veports. For surfacing, the correspond-
ing comparisom between baseliue and new gemerationm SSBN are 39 activi-
ties and nime crewmen versus six activities and two crewmen. For
snorkeling the figures are 45 activities amd 12 crewsen versus seven
activitie. amd twc crewmen.

It needs to bhe emphasized that compariscms of numbers of activities
amd crewmer between baseline and new gemeratiom SSBNs overlook another
major differemce betweem the two comncepts. Activities for baselinme
558N are memcally complex in many instances while crew activities for
the new gxrerationm SSBN are manually and perceptually simple (control/
display operatioms). Decision—making requirements are similar im both,
but data relevent to declisions are more reliable, less susceptible to
human erro<, aud more uaickly amd readily obtaimable in the new gener-
atiom concept.
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Table I1I-B-4 Comparison of Crew Operationg for Diving Evolution in Baseline and New Generati

BASELINE SSBN
, ACTIVITY SEQUENCE CREW
1. Rig ship for dive. A1l compartment watch standers and |Some riggi
designated officers. in compartmd
matically.
duced. C
statuses
Control Con
signal at
2. Normaily the 00D would order: A1l systems
Secure Snorkeling (Snorkel Bill) 5:-?'7; '23" '
or Secure Ventilating (Ventilation Bill) wou? d ly>e i
before the order to submerge the ship. Control Co
equipment
specific q
would be dig
3. Man the outboard ship control station. Lee Helmsman These funct
4. 00D relieved by person in control room. |“New" 00D :‘:l?gﬁ for 4
5. Assist in rigging the bridge for dive. Lookout supervises f
6. Assist in rigging the bridge for dive. Quartermaster of Watch Eﬁg"yogzﬁq
7. Remove IC suitcase from bridge Auxiliary Electrician Forward for visual
8. Ensure bridge properly rigged for dive. "014" 00D *
9. Secure the bridge access hatch. *01d" 00D 4
10. Secure all IC circuits to the bridge. Auxiliary Electrician Forward
11. Secure lower bridge hatch Quartermaster of Watch ‘
12. ;S:cure navigational lights and search Quartermaster of Watch
ght.. :
13. Report “straight board” to 00D. CcouW ‘
14. "014" 00D relieve "New" 00D. 00D ;
15. Order the DOW to submerge the ship (with JOOD Submeryence
C0's permission). at Ship's (
16. Ovrder the COW to pass "Dive, dive" on the |DOW ::871:;513‘;
IMC and sound the diving alarm twice. 3
17. Pass "Dive, Dive” on IMC and sound diving ]JCOW
alarm. Assist COM as necessary. Auxiliary Watch Forward
18. Place two hydraulic pumps in run (main and JCOW Activities:
one lead). sequenced {
19. Train the radar mast for lowering. Radar/ECM :ﬁ:;m&]uﬁd
20. Cease transmitting from radio Radar Operator initiate &
could int
initiate &
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}ian in Baseline and New Generation SSBN

b NEW GENERATION SSBN

| CREW

it watch standers and |Some rigging for dive would be done manually by maintenance technicians
in compartments; however, most rigging would be accompiished auto-
matically. Requirements for manval rigging would be considerably re-

B2
(2]
1]
1
[

duced. Computer would sense status of systems rigged for dive and
statuses may be requested for visual verification by 00D at Ship's
Control Console. Failure of proper rigging status would initiate

signal at Ship Control Console. '

B el ]

A1l systems requiring “secured status" for diving would be secured
either manually or automatically. Confirmation of status would be
displayed at Ship's Control Console. Automatic securing functions
would be initiated by 00D by manipulation of manual controls at Ship's
Control Console. Status of individual systems, subsystems, or items of
equipment would not necessarily be displayed but 00D could request
specific questions to computer. "Ship rigged for dive" indication
would be displayed as baseline case.

(e L

R T T LT T

.of Watch
ptrician Forward

ptrician Forward

t of Watch
 of Watch

3

3

These functional activities would be basically unchanged. Rigging the
bridge for dive would be accomplished by 00D and a Maintenance tech-
nician. 00D would be temporarily relieved by "new" 00D while he
supervises the activities at the bridge. When activities are comple-
ted, 00D would return te Ship's Control Console and relieve his temp-
orary relief. Verification of their accomplishment would be available
for visual display at Ship's Control Console.

[ T P NI SR N

Submergence would be accomplished by 00D's initiation of manual control
at Ship's Control Console. Desired depth would be set. Computer would
prohibit diving if required statuses are not met. Diving dynamic con-
trol would be automatic.

Activities and operations 18 through 26 would be accomplished and
sequenced automatically under computer control. Verification of their
accomplishment can be requested by 00D at Ship's Control Console but
they would not nominally be displayed. Failure of any action would
inftiate an alarm at Console and computer would "hold" sequence. 00D
could interrogate computer for malfunction diagnosis and he could

initiate automatic corrective action or direct maintenance technicians
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Table III-B-4

(Corielud d)

BASELINE SSBN

ACTIVITY SEQUENCE

1 2 7 e

21.

22.
23.
24,
25.
26.

Ring up Ahead 2/3 and:place rudder amid-
ships. ' '

Open all main vents

Lower all masts and report to 00D
Proceed to ordered depth

Shut all vents at 50°'.

Operate rudder and planes as ordered.

CREW

Helmsman

cow .
COw
DOW
Cow

Helmsman
Planesman

to perform 2

27.
28.
29.

R T BT T LTIV ¢ e ey T e

Man the JA phones in Control.
Man the JA phones in Ops LL compartment.

Man the JA or 2JV phones in all compart-
ments.

Auxiliary Electrician: Forward
Lookout
A11 Watch Standers

There will ﬁ
backup mode:
ride. k

3

30.
31,

32.

T, T PR T

33.°

35.

Analyze trim condition

DOW

Pump or flood variable ballast tanks as %CON

ordered.
Secure the radar or ECM when ordered.

Obtain neutral trim condition and report
to 00D.

Place main hydraulic pump in Standby.
Cycle main vents one group at a time.

Radar/ECM
DOW

cow
COow

Trim conJ;;i
00D may inte
(by manual q

R 2 AT

Lt o a4

36.

37.

Report compartment/equipment condition to
control.

Secure .sound powered phones on order
when all reports received.

A1 Watch Standers

A1l Watch Standers

A1l conditiq
informatien.
Console. ]
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- NEW GENERATION SSBN
i CREW
- to perform manual corrective action.

etrician Forward

There will be no requirements to man phones. Phones will be used as
backup mode only in case of computer malfunction or computer over-

VTR

Cocatu 3o e e

i ride.

hders

: Trim condition will be sensed, analyzed, and controlled by computer.

3 00D may interrogate computer concerning trim situation and command

. (by manual input at Ship's Control Console) any desired changes.

1

i

fnders A11 conditions relevant to submergence will be sensed—by computer and

1 information may be requested for visual display at Ship's Control
ders Console.
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Table III-B-§ Comparieon of Crew Operatione for Surfacing Evolution

in Baseline and New Gene :

BASELINE SSBN

ACTIVITY SEQUENCE

CREW

00D reliéved.

m—

1. Order COW to pass "prepare to surface" 00D 00D initiates
on IMC. Ship's Cont °
" " and command
2. Pass "prepare to surface" on IMC. CoW Plant Control
3. Check all MBT vents shut. COW These actions
‘Verification ¢
4. Check hydraulic pump 1ine up. Cow trol Console
5. Position head valve electrode selector CoW any action
switch to "both"; head valve control would "hold".
switch to "auto". ma1function d
6. Test mast flooded indicator Cow direct maint 3
7. Drain induction mast. Auxiliary Watch Forward "
8. Check MBT low pressure blow and exhaust Navigation Center Supervisor {
mast dry. ' 3
9. Unlock outboard induction and outboard Navigation Center Supervisor 3
ventilation.
10. Open head valve air supply valves. Navigation Center Supervisor R
11. Receive reports from Navigation Centor cow A1l status nr
Supervisor and Auxiliary Watch Forward be visually d
that they are ready !
112. Obtain permission from 00D, drain, and Quarcermaster of Watch These activit
enter bridge access trunk. ance technici
13. Line up IC circuits to bridge Auxiliary Electrician Forward ﬁ
14. Man JA phones in control and inform COW Auxiliary Electrician Forward A1) status r
when all compartments reported ready to visually dis
surface. ‘
15. Report "ready to surface" to DOW. COW
16. Secure JA phones when ordered Auxiliary Electrician Forward
17. Report "ready to surface" and pressure DOW
in boat to 00D. g
18. Order DOW to "surface the ship" 00D 00D 1n1t'ate§
19. Have COH pass "surface, surface, DOW g:;pc:mggggh%
surface” on IMC. Plant Control
"120. Order COW to "blow forward group" DOW These actions;
21. As ship takes an up angle order "blow DOW zﬁg:fégzzggg‘
aft group”. o 0 action would
22. Attempt to maintain 3 to 5 up angle. Planesman "hold" sequed

tion d1agnosq




i
i
3
{

Qution - in Baseline and New Generation SSBN

4
I

NEW GENERATION SSBN

ﬁREH

00D initiates "prepare to surface” by manual initiation of control at
Ship's Control Console. Maintenance technician passes word on comm
and command is visually displayed on Ship's Control and Engineering
Plant Control Consoles.

mmmw_mvmwmwwvﬂw,qnnWwwﬂw

Forward
er Supervisor

er Supervisor

ter Supervisor

= DN - Al . - GRESe

‘Verification of their accomplishment would be displayed at Ship Con-

These actions would be performed automatically by computer control.

trol Console and at Engineeriny Plant Control Cocnsole. Fajlure of
any action would initiate an alarm at each console and computer
would "hold". sequence. 00D awd EOOW could interrogate computer for
malfunction diagnosis and initiate automatic corrective action or
direct maintenance technicians to perform manual corrective actions.

A1l status reports would result from remote sensing by computer and
be visually displayed at Ship's Control Console.

f Watch

"\ et

Etr'lcian Forward

These activities would be performed as they are currently by Mainten-
ance technicians on watch at Ship's Control Console.

trician Forward
3

btrician Forward

A1l status reports would result from remote sensing by computer and be
visually displayed at Ship's Control Console.

00D initiates "surface the ship" by manual initiation of control at
Ship's Control Console. Maintenance technician passes word on comm
and command is visually displayed on Ship's Control and Engineering
Plant Control Consoles.

These actions would be performed automatically by computer control.

Verification of their accomplishment would be displayed at Ship Con-
trol Console and at Engineering Piant Control Console. Failure of any
action would initiate an alarm at each console and computer would
"hold" sequence. 00D and EOOW could interrogate computer for malfunc-

actions

tion diagnosis and initiate automatic corrective action or direct
manual carrective
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Table III-B=5 (Concluded)

BASELINE SSBN

ACTIVITY SEQUENCE

23. When ship on surface, order COW to DOW .| Computer will
“secure the »ir" then report to 00D initiate "s
“X feet and nolding". Contro]l Con
24. Logk planes at ordered angle in emergency | Planesman matically by
m e' ’
25. Maintain ordered course. Helmsman
26. Order COW to open the outboard induction. | 00D
27. Check head vaive open. Ccow ;
28. Report pressure equalized. coW ;
29. When pressure is equalized order Quarter- | 00D This will be.
master of Watch to crack, then open the :
bridge. \
30. Order "start the low pressure blower on 00D This command .
all main ballast tanks". by computer o
00D. 1
31. Order 00D and Lookout to bridge 00D Commanding of
(01d 000, Lee Helsman) |
32. Open inboard induction valve Auxiliary Watch Forward These actiong
33. Line up low pressure blower discharge Navigation Center Supervisor xg;g:::a::g"'
valves, start blower and #1 vent fan. action would]
34. Report "low pressure blower running on COW "hold" sequed
all MBTs". function dia1
35. On indication of air escaping from all 00D maintenance {
: MBTs, order "shift the blower to ventila- | - i
1 te outboard". ' |
36. Shift the blower and report to COW. Navigation Center Supervisor 4}
37. Rig the bridge Quartermaster of Watch Activities i@
38. Install communications to bridge. Auxiliary Electrician Forward. f
39. Bridge 00D relieve 00D in control. 00D

e KBAE e et L




NEW GENERATION SSB8N

[
N .

CREN__

Computer will inform 00D when ship is on the surface. 00D will
initiate "secure the air" by manual initiation of control at Ship's
Control Console. Activities 24 thrbugh 28 will be accomplizhed auto-
matically by computer control.

S T

This will be performed manually by Maintenance technician. 4

e "mh‘w”"‘?""<—r(pﬂ:'.-lv e

This command will be automa;?zélly initiated in proper time sequence
by computer upon initiation of "secure the air" control activation by
00D. '

3 Commanding officer will relieve 00D. Activity will be same as shown.

atch Forward These actions would be performed automatically by computer control.
Center Supervisor Verification of their accomplishment would be displayed at Ship Control
' P Console and at Engineering Plant Control Console. Failure of any

action would initiate an alarm at each console and computer would
"hold" sequence. 00D and EOOW could interrogate computer for mal-
function diagnosis and initiate automatic corrective action or direct
maintenance technicians to perform manual corrective actions.

Al D il e B 1t 5 ekl LD, e b il

PP Y I SR s Ly

enter Supervisor %
er of Watch Activities will be accomplished manually as shown. j
[lectrician Forward :
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BASEL INE SSBN

ACTIVITY SEQUENCE

Order COM to pass the word on IMC -
"Prepare to Snorkel".

00D

00D initiates

at Ship Contro
command. Commj
Engineering P1

Man JA phones in control.

Lee Helmsman

JA phones woull
manual overrid

10.

Open induction pipe vent valves.
Open Air Supply to head valve.

Unlock outboard induction valve, place in
power.

Open inboard induction valve.
Line up diesel for startup.

Drain snorkel exhaust pipe between in-
board and outboard exhaust valve.

Line up ventilation supply in Auxiliary
Machinery Room 2

Unlock the diesel exhaust valve and place
in power.

Auxiliaryman of Watch Forward

Navigation Center Supervisor
Navigation Center Supervisor

Navigation Center Supervisor
Diesel Generator Watch

Auxiliary Machinery Room 2 Upper
Level

Auxiliary Machinery Room 2 Upper
Level

Auxiliary Machinery Room 2 Upper
Level

These actions ¢
Verification o
Console and atj
action would {i
"hold" sequenc
function diag

maintenance t

iV e il ) B

Mt s o e e e

11.

When at periscope depth, direct the DOW
to raise the snorkel mast.

00D

Periscope dept
depth by manua
achieved, DOD {
snorkel mast wi

12.
13.
14.

15.
16.

Open the induction mast vent valves.
Raise snorkel mast.

Drain induction mast, shut drain and
vent valve.

Test induction mast flooded indicator.

Obtain permission from 00D and test head
valve.

COW
cow
Auxiliary Watch Forward

COW
cow

These actions;i
Verification

Control Consol
any action wou
"hold" sequenc
tion diagnosis:
maintenance te

3
)
i

17.

Rig compartments for snorkel

Mess Cook and Auxiliary Machinery
Room 1

Most rigging f!
number of rigg

18.

Pass reports of prepared to snorkel from
ecach compartment:

Computer Lee Helmsman COW DOW 00D

Computer will'’
for snorke'ing
Sensors will p
manually as we

19.

Order "Commence Snorkeling".

00D

00D initiates:
{Ship's Control

]




ivolution in Baseline und 'ew Generation SSBN

N B -
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NEW GENERATION SSBN

00D initiates "prepare to snorkel" by manual initiation of control
at Ship Contvol Console. Maintenance technician passes the word on
command. Cosmand 1s visually displayed on Ship's Control and
Engineering Plant Control Conscles.

|__CREW
3

[

|

JA phones would be available for use as emergency only--in case of
manual override of computer functions.

of Watch Forward
enter Supervisor
enter Supervisor

enter Supervisor
ator Watch
h1nery Room 2 Upper

|

chinery Room 2 Upper

B i

?chinery Room 2 Upper

These actions would be performed automatically by computer control.
Verification of their accomplishment would be displayed at Ship Control
Console and at Engineering Plant Control Console. Failure of any
action would initiate an alarm at each console and computer would
"hold" sequence. 00D and EOOW could interrogate computer for mal-
function diagnosis and initiate automatic corrective action or direct
maintenance technicians to perform manual corrective actions.

jpo

?

Periscope depth would be controlled {set) by 00D. He would set desirec
depth by manual input to Ship Controi Console. When that depth is
achieved, DOD would receive displayed verificacion and raising of
snorke. mast would be initiated by manual contirol at console.

-T'r v i apr o

tch Forward

Gaddoricls et

These actions would be performed automatically by computer control.
Verification of their accomplishment would be displayed at Ship
Control Console and at Engineering Plant Control Console. Failure of
any action would initiate an alarm at each console and computer would
"hold" sequence. 00D and EGOW could interrogate computer for malfunc-
tion ciagnosis and initiate automatic corrective action or direct
maintenance technicians to perform manual corrective actions.

pd Auxiliary Machirary

Mgt r%gging functions will be done automatically; however, a reduced
number of riggings will stiil have to be accomplished manually.

- gy
‘t’

Cowvuter will inform 00D and EOOW that all conditions have been met
far snorkeling. Verbal reports from crewmen will not be necessary.
Sensors will provide computer verification of actions -accomplished

manually as well as automatically.

|Ship's Control Console.

00D initiates "commence snorkeling" by manual initiation of contro' at

III~143
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Table III-6

(Continued)

BASEL INE SSBN

ACTIVITY SEQUENCE

20. Ordér COW to open outboard induction
valve,

21. Order COW to f]ood into depth control
(about 8000# to trim compensate for
snorkel exhaust line;j.

22. Blow water from snorkel exhaust line.

DOW

DOW

Auxiliary Machinery Room 2 Upper
Level

These action
Verification:
Control Cons
any action wi
"hold" sequet
tion diagnos
maintenance {

23. Start diesel and report running to EOOW
24. Start #1 vent fan.

Diesel Generator Watch
Navigation Center Supgrvisor

EOOW will in
Plant Consol¢
factory to s
under comput
Engineeiring

25, Report "snorkeling" to 00D. EOOW Computer wifi
26. Report "normal snorkel bouard". Cow - ._j
127. secure JA phones. COW JA phones ﬁii

manual overr

28. Report to EOOW when diesel warmed up.
29. Electrically load diesel.

Diesel Generator Watch
Electrical Operator

Diesel statug
The decision
and will be 1
Plant Consold

33. Shut down and secure diesel.

34. Shut outboard induction.

35. Pump from DCTs outboard by order of 00D
to trim compensate.

Diesel Generator Watch

CowW
COW

30. Secure 02 bleed, COp scrubber, CO-Ho 000 These actiond
burner. request of 04
31. Order ECOMW to unload and cooldown the 00D The 00D will |
diesel. communicatiod
32. Pass the word on IMC "Secure Snorkeling". |00D manual 1nput

of diesel by!
of diesel shi
console. 00§
at Ship's Coq

36. Shut inboard induction.
37. Secure #1 vent fan.
38. Shut inboard snorkel exhaust

39. Shut head valve.
40. Lower snorkel mast.
kl. Secure air to head valve.

Navigation Center Supervisor
Navigation Center Supervisor

Auxiliary Machinery Room 2 Upper
Level

COW
COW
Navigation Center Supervisor

Activities 34
control. Vev
Ship Control:
ure of any ad¢
kol‘] d "hO] dll
alfunction ¢

direct maint!

b Al esilae e
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NEW GENERATION SSBN

3

1

finery Room 2 Upper

These actions would be performed automatically by computer control.
Verification of their accomplishment would be displayed at Ship
Control Console and at Engineering Plant Control Console. Failure of
any action would initiate an alarm at each console and computer would
"hold" sequence. 00D and EOOW could interrogate computer for malfunc-
tion diagnosis and initiate automatic corrective action or direct
maintenance technicians to perform manual corrective actions.

-
pr Watch
ter Supervisor

b

EOOW will initiate "Start Diesel" by manual action at Engineering
Plant Console. Computer will inform EOOW when conditions are satis-
factory to scart diesel. Startup and verification of running will be
under computer control and displayed at Ship's Control Console and
Engineering Piant Conscle.

Computer will inform OUDL and EOOW of snorkeling status.

JA phones would be available for use as emergency only--in case of
manual override of computer functions.

Diesel status will be displayed to EOOW at Engineering Plant Console.
The decision to electrically load the diesel will be made by EOOW

and will be initiated by him by a manual control action at Engineering
Plant Console.

These actions will be accomplished automatically and verified {by
request of 00D) at Ship's Control Console.

pr Watch

The 00D will inform EOOW of intent to secure snorkeling (method of
communication may be verbal via comm or through computer bus via
manual input). EOOW will initiate unloading, cooldown, and shutdown
of diesel by manual input at Engineering Plant Console. Verification
of diesel shutdown will be automatically displayed to 00D at his
console. 00D will have capability for emergen:y shutdown of diesel
at Ship's Control Console.

jer Supervisor
Jer Supervisor
Jnery Room 2 Upper

r Supervisor

Activities 34 through 44 would be performed automatically by computer
control. Verification of their accomplishment would be displayed at
Ship Control Console and at Engineering Plant Control Console. Fail-
ure of any action would initiate an alarm at each console and computer
would "hold" sequence. 00D and EQOW could interrogate computer for
malfunction diagnosis and initiate automatic corrective action or
direct maintenance technicians to perform manual corrective actions.
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Table III-6 (Concluded)

BASELINE SSBN

ACTIVITY SEQUENCE

CREW

e T L T T e T i

42.
43.

44.

Lock shut outboardssnorkel induction.
Lock shut outboard snorkel exhaust.

Line up ventilation system to recirculate.

Navigation Center Supervisor.

Auxiliary Machinery Room 2 Upper
Level

Mess Cook

Auxiliary Machinery Room 1
Auxi}iary Machinery Room 2 Upper
Leve

|

T L, B 4y TR PST ke
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45.

Pass reports of secured from snorkel:
COW DOW EOOW

00D

Verbal repd;ii

to snorkeling
Ship's Contros

A
E
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Yerbal reports will not be required.
to snorkeling secured condition will be visually displayed to 00D at

Ship's Control Con:nle.

A1l systems statuses relevant
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Analyses of casualty situations presented a more difficult analysis
task since there are so many different kinds of emergency situations
to consider. Analyses of several kinds of major casualties (fire,
atmospheric contamination, and flooding indicated that a crew comple-
ment of 30 could successfully handle the casualty situations. The
entire crew would be involved in similar fashion to the baseline SSBN.
The essential aspects of crew response to casualty situations in the
new generation SSBN are that whea damage occurs:

e sensed data from the ship automatic sensors are received and
displayed;

¢ annunciation may be automatic;
e diagnosis is displayed;
e suggested solutions (with effects) are displayed;

® corrective action is initiated remotely (time sensitive correc-
tions may be automatically initiated);

® equipment status is continuously and rapidly updated.

The usual method of responuing to the emergency wovld be to initiate
corrective action remotely (that is, under computer control).
Bowever, if remote corrective action could not be initiated:

® a damage control crew would be immediately available;

e individual diagnostic information would be provided (mechanical
or electrical isolaticn);

e unaffected areas of the ship may be avtomatically controlled;

e change in ship equipment status would be rapidly updated and
may be announced;

® the capability for local manual operation would be provided.

A final analysis of battle stations, torpedo and missile, evolu-
tions indicated that the evolutions could be performed successfully
by the crew complement of 30 crewmen. The crew's support of battle
evolutions, torpedo is shown in Figure I1I17-B-27 and battle evolu-
tion, missile is shown in Figure III-B-28.
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C. ECONOMIC ANALYSIS
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i In this section we describe the economic implications of providing the

- technology to augment the crew's capability to operate the submarine.
It will be noted that cost was included as one of the factors in the
evaluation criteria to select the optimum degree of mechanization

L (sections B and C). Thus, the selection prucess establishes the best

j balance of performance, availability, and cost. Cost is an important

i factor and in the following paragraphs we describe the economic impli-

cations of adding automation to a new generation strategic submarine.

The primary objective of the study was to evaluate the feasibility of
applying new technology to the submarine to enhance its availability
on station. We achieved this objective through an optlonal allocation
of operation and maintenance functions to crew and machines. The
economics of the study thus centered on investment cost for mechaniza-
tion and redundancy and on crew costs.

R Lpu

T

TR

As shown in Figure III~C-1,the results of this economic evaluation
substantiated the results of the system/cost effectiveness evaluation
in that the automation concept which corresponds to a crew of 30 is
the most cost effective based on a life cycle cost analysis. Further,
significant cost savings over a 25-year period--$3.7 billion in 1976
dollars--are indicated by this analysis. This result is consistent

¢ with the economic results found in other applications of machine auto-
mation to assist operation and maintenance personnel.

e e I

b TEE IR ey

Figure I1I~C~2 describes the study approach and the economic analysis
fuuctions we performed in the conduct of the study. The technical
study elements resulted in a point design concept for applying auto-
. mation to the new generation submarine. It was established by apply-
1 : ing a selection criteria that assessed the relative performance,

: : availability, and cost effectiveness of autumating detailed system
functions. From this selection evolved a point design soelution for 3
; all systems of the submarine. '

2 The economic analysis elements are shown to be a cost estimate, a life
cycle cost analysis, and a sensitivity analysis. The cost estimating i
was based on a set of ground rules and assumptions wh'-“ Aefined the
economic boundary conditions and the cost elements and classes of cost
pertinent to the evaluation. The sources of data are shown to en-
compass all possible methods of forward pricing. These methods were
applied to various elements as appropriate.

i o g

The life cycle cost analysis consisted of evaluating the new design
submarine acquisition and ownership in terms of the cost elements
selected in the assumptions and evaluated the economic characteris-

-~ tics over a2 25-year planning horizon. The sensitivity analysis examined

ITI-150
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the sensitivity of the life cycle cost in terms of variation in crew
billet cost, investment cost uncertainty, and degree of automation
(and equivalent crew size). The following peragraphs discuss each
of these elements and describe the analysis results.

Assumptions

Assumptions provide the framework for estimating and modeling the
economic problem and defines the reference point for conclusions in-
ferred from the analysis. The objective of this analysis was to use
the 640 class submarine as a reference and to examine economic impact
of augmenting a crew capability with machine automation. The economic
analysis was not aimed at modifying the 640 class submarine, but to
infer from the reference economic data about a new generation submar-
ine. This means that the assumptions for estimating investment costs
do not consider refit or overhaul approaches, but rather that the de-
sign and integration of mechanization is an integral part of a

"new build".

The governing assumptions are listed in Figure III~C-3. As shown, these
establish schedule, types of cost, and economic factors such as esca-
lation/discount rates, fleet size and crew size. Most of these assump-
tions need no explanation. Those that deserve further detailing are
discussed in the folluwing paragraphs.

a.. Schedule -~ As shown in Figure III~C-4,the 25-year planning
horizon was broken down into a 3-year development, 6-year production,
and 20-year ownership. Figure III-C-4 shows how these periods relate
in time and show how an assumed fleet of 40 new generation submarines
would be acquired.

b. Present Value - The analysis of costs is made in escalated and
discounted dollars (present value) using a 7% constant escalation and
a 10% discount rate. Present value provides the means for time weight-
ing the use of money and is required by DOD DIR 7043.1 for economic
evaluation of major new programs.

A seven percent escalation rate was chosen as a conservative es-
timate of aerospace and military labor and automation material. This
rate together with a 10% discount rate results in a bias of economic
advantage in the favor of large crew and no mechanization. This means
that if the results show a cost benefit in favor of machine augmenta-
tion, it will occur under unfavorable conditions. This approach
should in part cancel out tendencies to be optimistic about mechaniza-
tion costs. :

IT1I-153
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o 3 YEAR DEVELOPMENT, 6 YEAR PRODUCTION
20 YEAR OWNERSHEP
EVALUATION BASED ON PRESENT WORTH

7% ESCALATION OVER PLANNING HORIZCN
10% DISCOUNT RATE

INVESTMENT COST OF DESIGN, DEVELOPMENT, PRODUCTION AND ONNERSHIP

25 YEAR PLANNING HORIZON
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INVESTMENT COST INCLUDES LABOR, MATERIAL, ODC, G&A AND FEE--COST
TO GOVERNMENT

CREW COST (1976) - $19,000/YEAR

FLEET OF 40 SUBMARINES

o TWO CREW SYSTEM--300 FOR 640 ‘.UBMARINE

e COST OF INSTALLATION ON BOAT ‘0T INCLUDED

o LIMITED CONTRACTOR ON SITE SUPPORT DURING 20 YEAR OPERATION
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Figure IIT-C-3 Cogt Evaluation Assumptions

Present value is defined as:

t
PV = /Vl eIt 4¢ s vy (- r)_t
0

where V. is current year cost and r is the discount rate. Table III-C-1
lists tﬁe discount rates used in this analysis,

LTt

T T e

¢. Cost Elements - As shown in Table IT1I-C-1, investment costs in-
(I clude jabor, material and services, burdened with overhead, general

and administrative, and fee and also include estimates for other direct
! charges (ODC) such as travel and computer time. These classes of cost
; were applied to the cost elements shown in Table ITII-C~2, This table
describes the work breakdown structure for estimating investmeat coste
for RDT&E, production and operations phases.
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: | Table III-C-1 Present Value of 81 (Single Amount--to be used when

LI £ i QAP o 1 s

- Quality Contrel
! GSE Design

GSE Manufacturing/Tool-
ing/Quality Control

E Software Design/
Development

}_ Test

Reiiability and Safety
| Logistics

] cash flowe accrue in different amounts each year.)
iF Project T Project ]
Vot Year 10% Year 10%
L 1 0.954 14 0.276
- 2 0.867 15 0.251
- 3 0.788 16 0.223
- 4 0.717 17 0.208
! 5 0.652 18 0.189

6 0.592 19 0.172

‘ 7 0.538 20 0.156
2 8 0.489 21 0.142
3 9 0.445 22 0.129
i 10 0.405 23 0.117
A 11 0.368 24 0.107
4 12 0.334 25 0.097
: 13 0.304
é Table ITI-C~2 Investment Cost Elements
f , Program Management C&DM, Planning and Control; Project Manage-
: ment
e Systems Engineering Requirements Definition, Specification Con-
L and Integration trol, ICD Definition and Control
] vesign Mechanical, Electrical, Electronic, Structural
}»; Manufacturing/Tooling/ Detail Manufacturing, Material Procurement,

Assembly
Mechanical, Electrical, Electronic, Structures

Detail Manufacturing, Material Procurement,
Assembly

Requirements Definition, Proaram Design, and
Test

Development, Qualification, Integration, and
Ship Trial

Reliability Allocation, FMEA, Hazard Analysis

SRR PR TN NI Py

Y B N S

Analysis and System Design for Transportation,
Maintenance, Spares, Training

]
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d. Crew Cost - To facilitate the economic analysis an average
cost of 519,000 per man year was used. This cost includes all DOD
artributable cost--an average mix of rating on a 150-man submarine.
Iv &n lutes basic pay, training cost, retirement cost, and re-enlist-
men. : 5. This average was arrived at based on a study of Navy
Military Manpower Billet Cost Data for Life Cycle Planning Purposss,
NAVPIRS 15163 and R-1790-ARPA, November 1975, The Economice of Naval
Ship Automation: An Analyeie of Proposed Automation of the DE-1052.
Consilerable question exists as to the validity of an averate rate,
but i: concluded that this average was within +202 which is equivalent
to estimates of other cost elements.

e. Cost of Installation on the Boat Not Included - The study is
aimed at definition of mechanization of existing subsystems on a new
generation submarine and not conceiving totally new systems. As such,
the installation of the automation systems by the boat company would
be only a small additional cost and this was judged to be insignifi-
cant in comparison with the design and production of the automation
systems. Cost of iategration by the designer of the automation sys- 3
tems was included as a part of the RDT4E and production cost based
on support to the boat company.

(SRR LG

2. Cost Evaluation

it e e e

3 ' Cost evaluation proceeded from a mechanization concept for the sub-

: marine. This concept consisted of a point design solution described
in terms of block diagrams, description of the automation functions,
1 and an estimate of the hardware and software required to implement

' it. This concept definition was made for each subsystem and included
. monitoring, control, diagnostic and redundancy requirements. Cost

3 est.imatas were developed for each subsystem based on these data and
then the central control computer capability was sized to accommodate
the aggregate of the subsystem requirements.

The initial cost analysis was performed on the single point design

which corresponds to a system requiring 30 crewmen. Subsequently,

a sensitivity of cost vs crew size was parformed using the optimal

design as a raference point. Feasible combinations of subsystems

automation that corresponded to crews of 60 and 125 were defined

and their corrasponding investment and crew costs were computed.

We also postulated a crew of 15 and configured the automation in-

crease that would be required to accommodate it. It should be noted

that the operational feasibility of a crew of 15 is questionable,

particularly from a damage/emergency standpoint. The only purpose

of this effort was to examine the investment cost impact of going ;
beyond the optional solution which corresponds to a crew of 30. ;

e I11-157
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These data provided the means for defining the relationship between
investment and crew costs over a range of degrees of automation.
The mathods and results of these efforts are described below.

a. Cost Equation - The life cycle cost model used in determining
the cost uf the point design sclution is shown below.

C.=C, +C

T 1 2 + 03 4+ C, + C. (all other costs con-

4 sidered sunk)

Cl = New equipment design/development cost
C2 = Production cost

C3 = Integration and support cost

C4 = Material and labor maintenance cost

C

5 = New crew cost

The cost benefits are therefore the difference between C, and the
150-man crew of the 640 submarine. The terms of the equation were
quantified using appropriate astimating methods. Major hardware was
selected from existing equipment used in the fleet and quotes from
vendors were obtained. Where analogy could be drawn to similar de-
sign, development, or production costs, these were used. Other es-
timates were based on cost estimating relationships and bottoms-up
estimate constructions.

b. Cost Analysis Results - Coast estimates were develcped for
each of the subsystems and these cost elements were distributed in
time streams as shown in Figure III-C-5. In this development cf cost,
the nucleus control system was kept as a separate "new' system. This
system represents the command and control and computer capability to
support the submarine subsystem monitoring, diagnostics, displays for
recommended action, and remote initiation of corrective actione.

The hardware estimated for each subsystem is shown in Figure
TIT-C-6., As noted on the figure, the nucleus central control in-
clu 28 executive and controls and displays software and each subL-
system is charged with its unique control software. A significant
difference in cost exists between the two ($26 per word for Executive
and Display vs $200 per word for Control software). This hardware
estimate was arrived at by surveying each subsystem design, identi-
fying additional automation, and the approximate number and types
of components required.
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Habit-
Nucleus ability i
Automation SLips and Defensive Strategic | Auxiliary Navi-
Years Systen wuntrol | Environment| Meapors |Engineering] Neapons Systems gation |
1 1.8 2.03 0.552 1.14 2.62 1.74 2.85 2.03 °
2 1.92 5.5 0.727 2.55 | 3.16 3.88 6.37 2.33 |
3 15.97 15.42 13.44 4.56 15.64 15.34 11.39 2.79
4 16.00 14.59 10.82 4.43 14.31 14.74 11.07 2.30 1
5 15.49 11.78 10.82 3.99 13.76 12.53 9.89 2.18 |
6 74.1 9.22 6.34 3.73 13.12 11.49 9.33 1.37 |
7 14.1 9.21 6.32 3.73 13.12 | 11.49 9.33 1.37
g 4.1 9.21 6.32 2.73 13.12 11.49 9.33 1.37 |
9 0.42 1.0 0.2 0.88 | 0.45 0.4 1.1 0.04
10 0.62 1.6 0.2 6.88 | 0.5 c.4 1.1 0.cA
11 0.62 | 1.0 0.2 0.88 0.45 0.4 1.1 0.04 |
12 0.62 1.0 0.2 o.88 | 0.5 0.4 1.1 0.08 |
13 0.62 1.0 6.2 | 0.8 | 0.5 0.4 1.1 0.04
14 0.62 1.0 0.2 0.88 | 0.5 0.4 1.1 0.04 §‘
15 6.62 .0 0.2 0.88 |  0.45 0.4 1.1 C.08 ;
16 c.62 | 1.0 6.z | 6.8 | 0.5 0.4 1.1 0.04 |
-7 c62 | 1.0 6.2 0.88 | o045 | 0.4 1.1 0.04 |
18 | 062 | 1.0 0.2 6.83 0.45 | 0.4 1.1 0.04
i9 0.62 1.0 0.2 0.88 | 045 | 04 1.1 0.04
20 0.62 1.0 0.2 0.88 | 0.45 | 0.4 1.1 0.04
21 | ©.62 1.0 0.2 0.88 0.45 0.4 1.1 0.04
22 | 062 | 1.0 0.2 0.88 0.45 0.4 1.1 0.0%
73 | 0.62 1.0 0.2 0.88 0.45 0.4 1.1 0.04
| 24 | 5.6¢ 1.0 5.2 0.83 0.45 0.4 1.1 6.08 |
25 vez | 1.0 0.2 0.88 0.45 0.4 1.1 0.04 |
; - —
| TOTAL| 103.82 73.96 58.74 £2.82 9.5 89.51 88.26 16.82 |
Figure ITT-C-§

/

Bgtimated Investment Cost for Crew of 30 Poimt Design im 1976 [ollars
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Casualty | External
Strategic| Auxiliary Navi- and Communi -
Neapons Systems gation Sonar/ECM | Damage cations Total
1.74 2.85 2.03 1.95 0.84 1.56 19.11
3.89 6.37 2.33 2.56 1.13 2.05 32.19
15.34 11.39 2.79 7.49 3.69 5.99 111.72
14.74 11.07 2.30 7.08 3.38 5.66 104.38
12.53 9.89 2.18 6.47 3.38 5.18 95.48
11.49 9.33 1.37 4.87 3.14 3.90 80.6
“11.49 9.33 1.37 4.87 2.95 3.90 80.39
11.49 9.33 1.37 4.87 2.94 3.90 80.38
0.4 1.1 C.04 0.16 0.54 0.15 £.34
0.: 1.1 0.04 0.16 0.54 0.15 5.54
0.4 1.1 0.04 n.1& 0.54 0.18 5.54
0.4 1.1 0.04 0.16 0.54 0.15 5.54
0.4 1.1 0.04 0.16 0.54 0.15 5.54
0.4 1.1 0.04 0.16 0.54 0.15 5.54
0.4 1.1 0.04 0.16 0.54 0.15 5.54
0.4 1.1 0.04 0.16 0.54 0.1% 5.54
0.4 1.1 0.04 0.16 0.54 0.15 5.54
0.4 1.1 0.04 0.16 0.54 0.15 5.54
0.4 1.1 0.04 0.16 0.54 0.15 5.54
0.4 1.1 0.04 0.16 0.54 0.15 5.54
c.4 1.1 .04 0.16 0.54 0.15 5.54
0.4 1.1 0.04 0.16 0.54 0.15 5.54
0.4 1.1 0.04 0.16 0.54 0.15 5.56
0.4 1.1 0.04 0.16 0.54 0.15 5.54
0.4 ta 0.04 0.16 0.54 0.15 5.54
%5 1 89.51 £8.26 16.42 42.88 30.63 34.69 698.23
iuz of 30 Point Degign in 1878 Dollars (Millions)
1
;
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Figure I1YI=-C-7 summarizes the investment cost (with nucleus com-
trol cost and damage control cost apportioned to each submarine
system) and shows the relative savings accrued from automation of
selected submarine functions. The figure shows original crew costs
aud new crew costs for earch subsystem. New crew assigameats were
based on where the majority of worl acsigniments exist. Even though
certain subsystems show nc crew costs, appropriately trained personnel
are available from other areas for maintenance functions. Damage and
casualty control has been left off since there 18 no definitive way
of expressing savings. This subsystem is a "red light" or emergency
function where all personnel on the submarine contribute as required
te restore the boat to a safe condition. The investment cost for
this subsystem is apportioned among the other subsystems.

The figure shows the relative ranking of cost benefits for each
of the subsystems. This ranking provides a guide to the relative
value gained by introducing automation tc augment crew capabilities.
it should be remembered that the poini deviygu concepl is Integral
and cennot be arbitrarily considered separable. Crew sizing and
ekill mix across all subsystems is consistent and only logical and
feasible variations caa be made. It would be tempting to divide the
savirgs by the investment cost and only elect to automate those sub-
systen " having a good return on investment. This, however, L3 not
possible with the initial concepr definition. Such an optimization
could be accomplished in a later definition phase.

The preceding dzta presented the point design cost in 1976 dol-
lars. Table IYI-C-3 presents the cost in egcalated and discounted
present worth,

Table ITT-C-3 Cost of Point Desigr (Crew c¢f 30) in Present Worth

Investment Cost Crew Cost
Subsystem In Present Worth In Present Worth
Central Control $ 91.98 $616.1 millions
Shin Control 77 .57
Auxiliary Systems 71.7
Habitability and En- 49.84
vironmental Control )
Defensive Systems 29.8
Engineering 80.94
Strategic Systems 75.3
Navigation 14.3
Sonar and ECM 36.61
External Comm. 29.3
Casualty and Damage
Control 24.13
$581.1 millions )

[T
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Present worth weights the time value of money and in this case
weights heavily (see Table ITI-C-1) crew costs which occur in the
latter porrion of the 25 year perind of performance. The original
crew cousts for the 150 man crew in present worth is $3,081 millions,
therefore the net savings is:

3,081 - (581.1 + 616.1) = $1,884 millions in present worth

1,884 _

A8l 1 3.24.

and the return on investment is

Thiz shows that the point design which relegates function to machines
that machines can do best and functions to crew which they can do
best has a significant and positive value.

This data on the point design represents only one point and
therefore deces not show hew auvtomation and cost savings vary with
crew size which is a significant element of cost in the submarine
flaet ownership. In the following section, the results of a sensi-
tivity study are presented which show how the life cycle costs vary
a8 a function of crew size and other program parameters.

" e ST P

c. Sensitivity Analysis - The purpose of the cost sensitivity
aralysis 18 twofold--to determine if cost as a function of crew size
substantiates the point design corresponding to a crew of 30 was
cptimum, and to datermine if uncertainty factors in the analysis
would signiricantly impact the conclusion that the point design so-
lution represented a large cost benefit over a 25-year planning
horizon. The selection approach used to synthesize and size the
mechanization of subsystem elements and size the crew to 30 combined
system and cost effective cnnsiderations. This approach showed the
crew of 30 concept yielded the greatest total effectiveness. To es-
tablish the sensitivity of cost savings to crew size, feasible combi-
nations of subsystemas within the point design which corresponded to
crews cf 60 and 125 were identified and the investment and crew costs
for these combinations were computed. The subgystem combinations used
are shown in Figure ZIi-C-3.

E .
3
'
9
g
;
‘

Two candidates were found for a crew of 60 which satisfied the
requirement of tha functional task analysis. The equipment comple-
men% for these configurationus 1s shown in Figures III-C-9 and ~-10.

IIi-163
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Crew Size

Subsystems Automated

125
60

60

Engineering

Ship Control
Navigation
- External Communications
Engineering
Auxiliary Systems

Ship Contrui

Navigation

Auxiliary Systems
Habitability and Environment
Strategic Systems

External Communications

Figure III-C-8

Automated Subsystems for Crews of 60 and 125

Soft- Actua-
ware** | Procaes-| tors/ Displays
| Computer*| Words sors |Controls | Sensors ***  |Monitors
Central
Automation 1 40,000 - - - - -
System
Engineering 5,000 3 200 320 1D 500

St cio ;F [Saouar

Hardware and software estimates are in addition to those in the 640 reference
configuration.

*  AN/UYQ-20

** Central automation display includes executive and display software;
subsystems include control software

*** 0J-326(U)/UYK--S = single display; D = double display

Figure III-C-9 Hardware and Software Estimate for Cost Analysis -
Crew 126

To investigate the life cycle cost effects of a mechanization
greater than the point design (crew of 30), we determined the impact
on investment for a hypothetical design which used a crew of 15. Thi.
configuration is hypothetical because analysis showed that 15 men could

III-164
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T = T WV o ~ S [=] ~— 4+~ 5
- [ = + T | S 3 W Q. o ;
- 5 5 - T 6 3 £ S 4
=» st V= = a <O v a = k-
& Central :
' Automation b2 120,000 - - - - - 3
% System ; | 1
1. Engineering | - 5,000 | 3 200 | 320 | 1 | 500 !
3 Ship Control | - 5,000 3 150 300 10 ¢ i
1] Navigation - 2,500 1 75 - - 100
Auxiliary AN o . .
3 Systems B 4,00 Z - 330 1D 400 ;
g ;
3 External 2
E ; Communications| 4000 1 1 - - 45 ]
§ *  AN/UYQ-20 ;
] ** Central automation system includes executive and display software; sub- b
¢ system software is for control
*xx (0J-326(U)/UYK--S = single display; D = double display

Figure III-C-10 Hardware and Software Estimate for Coet Analysis--Crew 60 )

not efficiently man the submarine, particulary under emergency condi-
tions. Figures JII-C-11 and -12 shew the relative increase in equipment.

In addition to hardware impact evaluation, the adiitional cost feor
RDT&E, production, operations, and support was considered. The crew
costs in this initial analysis were held constant at $19,000 per man
vear. The resulting cost data were plcttad-as two separate tarms--
investment and crew cost. The sum of tnese twc terms représents &x-
pected program life cycle cost as a function of crew size as shown in
Figure ITI-C-13. This curve shows that the minimum life cycle cost (LCC)
occurs at about a crew of 30, thus substantiating the results of the
evaluation used to select the poinr design solution. Tha investment
curve has a characteristic shape seen in moet autumatiou problems. It
is obvious from the shape of the LCC curve that design solutions equl-
valent to crew sizes less than 30 ere not cout effective since the
same value LCC can be obtained at a design equivalent to a larger
crew where the only difference is the ratio between investment and
crew costs.
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This curve provided one additional important piece of data. The
reference 640 crew size was 150 and the total LCC for this point on
the curve is $3,081 millions in present worth, The difference between
this value and the LCC for any crew configuration is the potential
savings. For a crew of 30 this savings 1is:

150 Crew Configurétion $3,081.0

30 Crew Configuration 1,197.2
Savings over 25 years $1,883.8 millions

This shows that potentially a more realistic division of work functicns
with increased redundancy between automated systems and crew can re-
sult in significant savings in weighted dollars. The same results in
1976 dollars are more dramatic, but less meaningful since this does

not consider the time value of money:

1976 Dollars (in millions)

150 Crew Configuration $5,700

30 Crew Configuration 1,938
$3,762

Tc further examine the validity of the cost data we observed that
because of the early stage of maturity of the coucept definition,
the cost estimates hgave a high degree of uncertainty. Table ITI-C-4
shows estimating accuracy as a function of various states of design
maturity. The studied area identifies the accuracies associated with
this analysis.

Judgment indicated the best approach to evaluating the sensitivity
in light of the concept maturity was to determine the effect of Adoub-
ling the investment cost. The data presented in the curve is more in
line with a more in-depth concept study. The resulting LCC for double
investment cost is shown in Figure IXI-0-14, The minimum LCC point
changes slightly (to 42 crewmen) which is well within the accuracy of
the poiat design.

Next we examined the crew cost term of the LCC equation. The
average of $19,000 per man year for a 150 man crew would not neces-
sarily apply to a new crew of smaller size. The ship manning require-
ments would move to higher ratings and more skilled personnel. To
determine the sensitivity tu changes in average rate, we assumed the
rate would vary linearly from a crew of 1 to 150 and assumed the aver-
age would double over this range, i.e., $38,000 to $19,000 per man
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Table III-C-4 Egtimating Accuracy

G e

T s e o war"‘nr ST PR AT AN RAT R L TR R B T T e T AT B TR e T

Estimating .
Approach | Design Maturity Status
New Nesign Existing Desian
Major Minor | Off-the-
1* 2%% Mod. Mod. Shelf
General CERs +100% +50% +50% +50% +50%
Specific ’
Applicable +50% +15% +15% +152 +15%
CERs
Point Design
Estimate +30% +15% +10% +5% 5%
Analogy to
Existing +20% +10% +10% +5% +5%
Design
Vendor Quote +20% +10% +10% +5% +5%
* Some design features either pushing or exceeding state of the
art
** New design using existing state of the art technology

el e e e L e : P R e R G e

year as shown in Figure III-C-15. The resulting impact on the LCC
vs crew size is shown in Figure III-C-16. Again, cthis verifies that
the crew of 30 represents approximately the right value for minimum
LCC and conversely, maximum savings over the 640 reference config-
uration. It is obvious that the assumed variations in minimum LCC
due to uncertainty in investment cost and crew cost do not change
the decision that the point design equivalent tu a crew of 30 is
near optimum and that the expected savings are as indicated.

The estimated cost for the point design soluticn in 1976 dollars
is shown in Figure III-C-17. Noted on the t’gure is the percentages
for the program cost components. These ar: shown below compared to
the average cost breakdown for major weapons systems.

* Operations
Development Production and Support
Point Desian 5% 33% 62%
Weapon System o
Average 15% . 35% 50%
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These are in sufficient agreement for the state of uaturity of the
concept definition.

In summary, an orderly and methodical economic analysis substan-
tiated the evaluation and selection results used to select the de-
grees of automation for 2ach subsystem and to define a mechanization
concept which established au allocation of submarine functions be-
tween machine automation and crew. This balance between automation
and crew resulted in a crew of 30 with the same officer complement

AT R T S (A ] T TG Gl A W AN T

presently used to man the 640 submarine sensitivity analysis substan-
tiaced the economics and showed potentially large life cycle cost
savings over current crew costs could be achieved by an integrated, ;
systems approach to the design of a new generation submarine, ]
% ;
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Iv. CONCLUSTONS AND RECOMMENDATIONS ’

CONCLUSIONS

R ;
>

& crew of 30 officers and men interacting with computers via controls
and displays provides the 00D and EOOW more information, diagnostic
capabiliry, and control capability than currently exists in the base-
line SSBN.

Other advantages of the new generation. SSBN when compared to the
baseline SSBN are:

(a) it makes less noise;

TN AT T BT O T T ST R A T T T ST 17 S g e

el

(b) redundant equipment minimizes systemr failures;

EATEH

(c) computerized data transfer eliminates communication problems;

et

(d) automated response tc emergency situations minimized casualties;
(e) response to casualty situations is prompt and efficient;

L (f) mechanization could allow submarine to be made smaller and
< faster;

(g) smaller crew complement permits large scale improvements in

1 el - e 2 T T L AL e Al b e O 1

hapitability;
= (h) hum2n error potentlal is mianimized;
: (i) enuipment ctandardization can be utilized;

(3) choice of op.rating cycles is varied;

(k) 1in-port maintenance time can be predicted and scheduled; and

FUSPESE SR VG S

(1) more efficient personnel usage contributes to higher job satis-
faccicn.

Our study shows that present-day technology readily permits the
mechanization of many of the submarine subsystems. Solid-state . :
integrated circuitry has reached the state where thousands of hours
of failure-free life may be expected from currently available equip-
ments. Use of redundancy techniques further assures that a component
can fail without degrading operation of a subsystem. Redundancy

V-1

el e Bt et art s by i fra o i e 2o i 3 b - AL e e i s A ki ek B e e i otk AL i A2 A 7 s i R e




R b N A TS ASUPRE PPN . €2 ILIP IO - AL -1 AL D! s 425 c T S = ) L LA il

ke b R A A PSRt S gt

improves availability such that the new generation submarine could
stay on gtation for periods up to one year. Automatic failure re-
porting enables the faulted part to be readily replaced or repaired
and the subsystem returned tu its "fail-operate'" status. This re-
pair can easily be made at sea. The utilization of computers and
m‘croprocessors permits the design of automated equipment to relieve
man of mundane or repetitive operations and either takes over for

him or provides him with recommendations for operation during unusual
(casualty) conditions. The computer can operate under stress condi-
tions faster than man and without errors. Implementing these concepts
would save several billion dollars in life cycle costs when applied
to the strategic submarine force.

B. RECOMMENDATIONS

R T L T T T W /5 22T W AT L S T T

It is recommended that the man/machine interactive concept presented
in this report be implemented. A three-stage development plan span~
ning seven years is recommended with asssssment of the success on a
yearly basis allowing decisions to continue or terminate the project. ;
A schedule to accomplish the activities is presented in Table IV-B-1, ;o
The schedule is conservative and could be shortened if desired. No o

TETSTT. 7 T DY AT R T T TR T

great expenditure of funds is required in any but Stage 3, thereby -
minimizing the cost risk of the project. The three stages are: :z

i
Stage 1 i

Establish that a submarine can be automated by demonstrating the
replacement of a manual operations with computer-controlled opera-
- tions using a laboratory mociup.

A S B Lo

e Select scenarios; e.g., cruise, strategic and tactical
operation, with both a nominal and a damaged boat.

PURREES SNPRPEE. Ty

e Write the equation of motion which models the boat and f
: . its systems; derive the control laws to automate the . -
S systems--formulate in computer language. =

o Build the control and display station; program the soft-
ware in computers so a closed loop model is achieved.

o Design a series'of simulated boat exercises; for example,
ships control system, strategic weapons system, and de-
fense weapons systems.

, -k, N
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¢ Demonstrate the automatic action by having a sutmarine
officer initiate, monitor, and alter the exercises while
operating from the control and display cousole.

Stage 2

Gain user acceptance by choosing a teat submarine for modification,
The boat selected could be oue which is entering its normal five-
year overhaul time or one whichk would normally have been replaced
by a trident, or by use of one of Lhe test program tactical boats.

e Select a major system of the submarine for automation;
e.g., ships control:

~ submerging and surfacing,

- buoyancy (trim, depth, and drain),

Rde . Nl e S e LA A RS s AR o i T T e
PR e

{ - s8teering and diving.

AT W e

; e Design the computerized system.
Build it into the selected submarine.

] ."@ Conduct se: test.

O Rk S Tt At S
L

e Demonstrate man/machine interactive operation.

Stage 3

Exercise option to modify current SSBNs or complete the design of the
new generation SSBN appiying this concept.

ADDITIONAL TECHNOLOGY ISSUES

As a result of the analysis to determine the concepts and design
criteria for a new generaticn submarine several technology areas
were identified where further development is deemed advantageous.
These areas of new technology aze discussed in the following para-
graphs.

(1) Coutrol of the new generation submarine is based on central-
ized operation from the Ship Control Console. Multiple CRT
displays are proposed to present status and operational data
to the O0OD. Additional study must be done in the design of

IV-4
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i this console to minimize operator fatigue in watching these dis-
ég plays; also the best method of alerting the operator to changing
. or alarm information must be devermined. Optimization of the man/
machine interface must be accomplished. The nature and format

of what informstion is displayed on which CRT must be determined.

The TV display from a Type 13 periscope should be incorporated
into the -:onsole.

T T ST NI

vz

T v
e

(2) The proposed centralized ship control station utilizes a dis-
tributed proicessor system controlled by a master computer.
Further investigation should determine the exact configuration
of this master computer to assure maximum use of this computer.

Various redundancy techniques should be studied to provide high
computer availability.

2 P

S (3) Communication between the master computer and the locally posi-
) tioned satellite computers 1s by data bus. It 1s believed
desirable that redundant data buses be used. Further study
should be performed to determine whether conventional co-axial
cable or fiber optic light pipes should be used in this trans-

: mission path. Consideration should be given as to the nature
- of redundancy of the data buses.

pmled i A e, 5t 2 AR E Ft e

A

(4) Preprcgrammed microprocessors have been proposed as the satel-
lite computers. Additional study should be done on their
acceptability to gather data and issue control orders on com-
mand from the master computer in the submarine environment.

vl £ AL i E a T i v

(5) Further design on the triple redundant majority voting LSI
Device Controllers should be undertaken to prove its accept-
ability for submarine use.

A e e

.2 -‘1&..»7—:,. 3

€ L At b

;o (6) Present external communication techniques must be improved.
C Loss of communication reduces the submarine's availability.
3 Determination of "windows" in the sea water, new antenna

design, error correcting codes, and automated message process-
ing should all be investigated.

e P s m Brn i

: | (7) Automation of sonar techniques should be developed enabling
-

the computers to identify specific ships or other objects from z
their sonar signaturas.

(8) Standardization of power voltages and frequencies should be
reviewed. The use of 400 cycle power will reduce the size
of components. DC to AC converters are now highly efficient
and reliable. Their use in conjunction with the ship batter-
jes could minimize DC requirements.

V-5
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(9) New concepts in pneumatic/hydraulic/electrical actuators should
"be studied to improve reliability and minimize the need for
high pressure control lines.

(10) Utilization of the ship's computers for trend analysis, failure
reporting, inventory control, and other record keeping functions
should be studied.

(11) The smaller crew complement required should make more space
available and effective utilization to improve crew quarters k
should be investigated. L

A it s A SRR e T "N .

It is further recommended that investigation into the additional tech-

nology 1ssues listed in Table IV~C- 1 ts warranted. Each one is an area
where improvement in a design or an increase in knowledge of physical :
limitation would lead to more effective submarine operation. )
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Table iIV-C-y Additional Technology Issues

Covert message acceptance with no operational censtraints.
2. Command and control validation of messages.

3. Sound isolation mounts.

4. Propulsion plant efficiency.

5. Steam generator corrosion.

6. Battery charge/discharge characteristics and lifetime.

7. Shaft torque limits (properller drive).

Casualty sensing detectors.

Secondary velocity sensor (non-inertial).

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.

Covert navigation fix capabiiity.

Covert heading fix.

Message copy capability.

Passive sonar detector (bandwidth and discrete frequency).
Target motion analysis determination (with limited input).
Hydrodynamic flow restrictions.

Control surface flow cavitation limitations.

Atmospheric detectors/analyzers.

Human atmospheric tolerance bounds.

Foocd storage.

20.
21.
22.

Trash disposal.
Radiation detectors and human tolerance.

Heat transfer caﬁabi]ities versus size of heat exchangers.

V-7
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APPENDICES

DESIGN CONCEPTS

CENTRALIZED CONTROL

Current submarine design concepts rely heavily upon manually performed
or manually initiated tasks. Our study has indicated that mechani-
zation of a selected number of these tasks would improve submarine
operation and improve system efficiency.

The study has shown that a minimum sized crew could strategically
operate a mechanized submarine. To accomplish this, selected opera-
tional information and control capability would be centralized in a
control console manned by the Officer of the Deck (O0OD). An addi-
tional manned console to support engilneering plant functions would
be operaied by the Engineering Officer of the Watch (EOOW). Other
cousoles, normally unmanned, are provided for use in special stra-
teglc or tactical situations. Figure A-I-1 shows the physical
concept of ship mission control capability.

A computerized system is suggested to achieve the centralized
control discussed above, Figure A-I-2 presents a block diagram
of a candidate centralized ship mission control system.

A distributed computer system design concept has been selected to
allow the main control computers the maximum opportunity to support
the 00D and EOOW. Distributed computers perform functions as com-
manded by the main computer. The distributed computers execute
checklists, check equipment status, make decisions, actuate control
devices, and collect data, which is filtered to remove unwanted,
unnecessary, or routine information before being transmitted to

the primary computer. This reduces the functional control activity
of the main control computer, allowing maximum time to be devoted
to the system management and support of the console and its dis-
plays. .

The 00D and EOOW may select the desired level of operator/computer
interaction. Basic levels of inieractlon are td command the
individual action, subfunction, function, or mission segments to

be performel. For each level of interaction the computer system
provides controls and displays with the appropriate level of detail.

A~I-1
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¢ U [ENGR. PLANT CONSOLE CENTRAL CONTROL CONSOLE
. .' — —— :
3 = “]‘_-_:; m o
: =1 % ‘ cRT
S o & DISPLAYS
& CONTROL
% -BUTTONS
: KEYBOARD
z l
‘
! DISPLAY HARD
E = coweorer |0 S
SENSORS | : (" ACTUATORS
- TEMPERATURE - RELAYS
L FRESSURE DATA BUS DATA BUS PUMPS
L ; DEVICE CONTROL DEVICE 4 < ‘
- POSITION P DENICE Lr [¢Z—>| Cowutins |4 ZL—w] cotroLier [ VALVES ;
: DEPTH HYDRAULIC RAMS
‘ { COURSE I SERVO AMPLIFIERS
, ETC ETC
- ‘ .
S T0/FRO
. e REDUNDANCY WILL BE PROVIDED TO
S TR e :c\sus*gﬁlmusm FAIL-OPERATE
" SHIP CONTROL  SONAR & ECM o
ENGINEERING  DEFENSIVE WEAPONS
NAVIGATION  STRATEGIC WEAPONS
AUXILIARY ENVIRONMENTAL
COMMUNICATIONS
Figure A-I-2 Ships Misstion Control System
- A-1-3 j
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REDUNDANCY

Redundancy techni,ues and use of highly reliable equipment and
components will assure high availability of the systems. Figure
A-I-3 shows the basic redundancy concent to increase time on
station. Equipment failures do rot resnlt in system failures.
Backup equipment automatically takes over through internal test
algorithms, programmed to detect imminent failures. Swifrchover
to the parallel redundant equipwent takes place with the "about-
to-fail™ hardware placed off-lire.

YOTER ‘ VOTER

v Equipment failures doc not cause subsystem failures.

e Low MTBF component modules are configurad in parallsl redundancy
and voted.

e System still functions if mndules fail;

® Failed modules are put off-line and replaced or repaired b, the
crew.

® Repaired modules are easily returned to the sysiem.

Ftgure A-I-3 Increased Time on Station through Redundancy

Standby redundant digplay and main computersz are utu’ized.
(Appendix I-D evelnates computer configurations and provides the
rationale for this selection.) It is suggested that three ldent-
ical computers each be uzed for ship control and display management.
Two of the three are activa at any given time vhile the third is a

"cold standby”" (unpowered) condition. In order to assure the

A-I-4
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fail-operate requirement for key functions, one machine is program-
med to check the other. If the check fails, the standby machine is
turned on to take over the functions of the #1 processor. Similarly,
check parameters are sent to locally distributed microprocessors
from the main computers and memory so that control over standby
circuits in the microprocessors is maintained.

i il ML

Redundant dat. buses provide the communication links to the locally
distributed microprocessors. These microprocessors, in response to
comrinds from the main control computer, gather data or activate
controls. Results are telemetered to the main control computer.

Martin Marietta is developing extremely reliable microprocessor
oriented units suitable for use as the Device Controllers. These
device controllers receive data over three redundant data buses
and majority vote the signals to assure proper ~ommand interpreta-
tion. At least two out of the three signals on the buses must be
the same for a command to be implemented. Control over device
controller redundancy circuits is accomplished by routine 1limit

g checks carried on by its controlling microprocessors.

BRERGEE AL slaa.  © I Aiiaci S e

A failed computer, microprocessor, data bus, or device controller

-t is automatically determined, and placed off-line. The failure is

- { annunciated on a CRT. A subsystem will continue to operate in a
norme]l manner with only two of the triply redundant units in opera-
tion. Under emergency conditions, a system can be forcead to operate
with only a single computer, microprocessor, data bus or device
controller operable for an element.

Figure A-I-4 shows the basic control system.

~T, PR

C. SYSTEM COMPONENTS

Component items of the New Generition Submarine's Ship Mission
Control System include:

Hardware

e Parallel redundant subsystem modules

R LR B~ = B 4 ¥R e A~ I N A A

e

e Computerized feult isolation
o Computerized module switching

¢ Redundant¢ data buses
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e Sensors throughout the ship

e Control and display consoles

Software

® Servo control of most ship systems

e Misgsion control for ordered segments

e Combat analysis

e Combat control (option)

o Display driver and formatting

e Diagnosis and alerts

¢ Running status of all boat hardware, trend and failure analysis
e Sonar control and data diagnosis

(] Intréboat communication

e Automatic meésage processing

e Redundancy management, self-check, and cross-check logic

Man/Machine Interactions

Central control console

Engineering plant console

Evaluations initiated individually or in sets
CRTs display

CRTs display status of all subsystems
Caution and warning alert annunciation
Automatic priority interrupt for C&W

Control via keyboard, hand cont ollers, switches

Dedicated readouts where desired

A-1-7

bR P sk WML e bt e B L A it

et A A

e i M kb a1 s S MR R i e X

(RPN Y SR




1.
|
2.

¢ Video monitoring on demand
e Printer

Crew Functions

e Decisions

e Console operators

® Respond to alerts from computers

# Hand operation of specific systems

e Override computerized functions

e Replacement of modules put off-line by computers
e Preventive maintenance

e Inspection when indicated

e Damage and casualty operation

Display and Control Consoles -

The commaad and control functions are performed at display consoles
utilized as the Central Control Consoles, Engineering Plant Consoles,
Sonar Console, sotc. These items, while new to the New Generation
Submarine, are readily configured from the Mavy's 0J-326 (V)5/UYK
Standard Information Displays (SID). The SID is a modular, multi-
function digital display utilizing plug-in comp-nents and program-
mable assemblies which can be combined in a variety of ways to meet
current as well as future operational requirements. The SID Display
Console 0J-326 provides a 13 x 1C inch useful area on a high quality,
high, high brightness CRT. The upper IP-1181 display utilizes a
similar 10 x 10 inch CRT. The SID console is capable of displaying
a wide variety of text, graphic, tactical, and surveillance data

for monitor and concrol applications. (The SID system is based on
the technology introduced with the MK 81 Mod O Weapon Control
Console, already in production and environmentally qualified for
submarine applications.)

Computers
The computer controlled New Generation Submarine as proposed will

use standard Navy computers such as the AN/UYK-20(V) as the Display
Data Processor and the Main Shiip Control Computer.

A-T-8
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}‘ The AN/UYK-20(V) is a general purpose, militarized, high speed mini-
computer with great computing power in a small, ruggedized package.
It is designed to meet the requirements of submarine installation
and operation.

3. Data Managemen:

A MRS T LR CAECA A

The physical configuration of a submarine suggests the use of a
distributed computer system in the implementation of data management.

Main computers are located in the Control Center and at the Engine-
ering Plant. Satellite command and control microprocessors are
strategically located throughout the ship near the devices they
control.

i A ALEANEY TR A STk el S
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In the past a '"central hub" approach to data management has been .
vsed. Its mechanization, as its name suggests, is to bring signals 3
‘+om a central station to control stations located throughout the
2ip. Its most significant feature was, literally, miles of wire
and a large number of individual interface boxes for each function
at each control station.

RS DY

TR AR -

T

In our conceptual design of the new generation submarine, we are
recommending a serial data bus approach to a distributed command
and control system. From the control centers computer(s), high
speed data buses are used in a party-line manner to request and
transfer information to local microprocessors (MPs). All MPs
monitor the data bus (or redundant buses) and determine whether
or not a message is for him. If it is, it performs the requested
action and responds via the data bus to the central computer.

L S,
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High speed data transfers, at one million bits per second, enable
each device to think thdt it has the full attention of the computers.

U

Advantages of this data management technique are:

T - s YU P VR U R JOOr £y

{ e Significant savings in dz2sign, integration, and testing;

e Ease of refurbishment, rework, and addition of future improve-
mentcs;

® Reduction in total numbers of wires;
e Reliability readily improved through use of redundancy;

e Standard interface hardware used;

A~I~9
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® Functional flexibility through simple software changes.

It 1is suggested that the data formats as defined in MIL-STD-1553A
be used in the transfer of data between the central computers and
the local microprocessnrs.

COMPUTER CONFIGURATIONS

Introaduction

This report lists several computer configurations studiled to provide
automation and control on a New Generation Strategic Submarine.

The fundamental design requirement of the computer system 1s to
provide information and control of the submarine to the system
operator. All submarine functions are to be performec by the crew
with varying levels of computer assistance. The use of a computer
system provides centralized control of actions to be completed
throughout the submarine.

The most important computer system interface is between the computer
and system operator. Several distributed computer system design
concepts have been configured to allow the Ship Control Computer

the maximum opportunity to support the system operator. Distributed
microprocessors perform functions as commanded by the Ship Control
Computer. The distributed microprocessors execute checklists,

check equipment status, make decisions, actuate control devices, and
collect data, which is filtered to remove unwanted, unnecessary, or
routine information before being transmitted to the Ship Control
Computer. This reduces the functional control activity of the Ship
Control Computer, allowing maximum time to be devoted to the system
operator interface. .

Figure A-I-5 shows the basic computer system configuration. Figure
A=I-9 shows an alternative configuration.

All of lhe cunceptual distributed computer systems are designed
for at least fail-operate/fail~safe operation. ' Mechanization of
the main computer—-the Ship Control Computer--is eilther triple
redundant, dual redundant, or standby redundant to assure high
systen reliability. The system operator is informed of all mal-
functions and system switchouts so that repairs can be made by the
maintenance personnel to restore redundancy. The Ship Control
Computer orchestrates the performance of each microprocessor,

A-I-10
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transmitting commands and collecting data for display to the system
operator. Each state—of-the-art, solid-state microprocessor is
elther dual or triply redundant. nrovidine hieh reliability at low
cost. Fallure of a microprocessor is diagnosed and the failed
microprocessor is automatically bypassed, alliowing normal system
operations to continue without interruption.

Besides physicaily controlling the submarine, the computer system
will assist the system operator by presenting "off-line" information,
such as displays of strategic or tactical data, ecuipment fallure
trend data, damage control status, training information, medical
diagnostics, or other displays, many with computer predictions or
recommended courses of action, all designed to enhance the ability
of the system operator to control the submarine.

e i e il

2, Ship Control Computer Configurations ;j

The Ship Control Computer will control submerging, surfacing, buoy- .
ancy, steering, speed, and the engineering plant. It will also H

; receive applicable data from the Ship's Inertial Navigation System :
: (SINS), Weapons Systems, the Naval Tactical Data System (NTDS), 1
Communications System, and from the Sonar System. Data will be
displayed and Ship Operating Commands will be received on the _
Operations Console. ;

T T L SRR TR AT IR TR T RO T RT  TTE

a., Configuration 1 - This configuration for the Ship Control
] Computer uses three separate active computers each with its own
1 memory. Synchronization of the three computers 1s external to the i
. computers using special purpose logic. The synchronization logic :
- assures that each computer is performing the same programmed function.
; The synchronization logic assures that output instructions are re-
leased simultaneously to the output command buses and the micro-
processors., Figure A-I-7 shows the synchronizing circuitry in block
diagram form.

The three computers run from identical software programs. Program-
ming is "somewhat" complicated as the necessary "wait" steps for
synchronization must be included in the programming.

et ek A B Lt 8 U X ¢ A A i A okl 0T Pt

Failure of any one of the computers will not effect operation and
the system will continue to run without a "glitch". The system
can continue to operate, with operator guidance, on only one com-
puter.

b. Configuration 2 ~ This configuration provides dual
redundant computers. Operation is similar to configuration 1
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(after the first computer has failed). A third identical computer
is provided in a 'cold standby' (unpowered) condition as a spare.

Synchronization logic provides an output if both on-line computers
issue the sane command. Should the computers not issue the same
command, the computers are forced into a self-check mode and the
"correct" computer is allowed to issue commands under operator
guidance. Two data buses, one per computer, are provided to control
the microprocessors. This configuration sacrifices some reliability
at the cost savings of one compute and several microprocessors.

¢c. Configuration 3 - This coufiguration also uses two computers,
but with only one of the computers in control, If the active com-
puter in control should fail a self-check that is periodically
performed, the second computer automatically takes over control.
External synchronization logic assures that the second computer
keeps up with the first such that it can take control if the first
computer fails.

d. Configuration 4 - This configuration is similar to 2 or 3
with the exception that both on-line computers share the same dual
ported memory. Memory reliability is such that these configura-
tions are worthy of consideration. Synchronizing logic is minimized.
Operation is similar to either configurations 2 or 3. Maintenance
on a disabled computer is a problem and, thus, this configuration
is not recommended. '

e. Configuration 5 - This configuration uses a single "fault-
tolerant'" computer. Such a computer is presently being developed
for the military. This type computer is in reality redundant
computers with fault detecting and error correcting logic packaged
in a single enclosure.

Control Bus to the Microprocessor

The physical configuration of a submarine suggests use of a dis-
tributed computer system toc provide the ship's data management
system, The suggested distributed data system consists of AN/UYK-
20 type minlcowpuiers at the Central Conirol Covsvle and the Engin-
eering Plant Console with lucally located microprocessors placed

at appropriate action centers.

Redundant control buses provide the intercommunications between the
main computers and the satellite microprocessors. Commands over

these buses will canse the microprocessors to issue specific commands
or fetch data or status information.

A-I-15
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Microprocessors
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Microprocessors (MPs) will control and monitor specific device
controllers. The Ps will execute commands and gather data on
commard from the main computars. Depending on the selected con-
figuration of the main computers, the uPs will be either triply
or dual redundant.

The redundant MPs will verify all commands from the Ship Centrol
Computers prior to executing them. An about-to-fail or malfunc-
tioning MP 1s automatically removed from its on-line position with-
out effecting system operation.

Figure A~I-8 shows the operation of redundant microprocessors.

Data Bus

Input and output signals berween the microprocessors and the control
devices are transmitted in serial code. Standard large-scale
integrated (LSI) circuit modules are readily available to process
this data. A suggested data transmission method over the serial
data bus is shown in Figure A-I-9.

Control Devices °

The use of existing submarine control devices and actuators is
proposed. A majority vote centrol circuit will be placed adjacent
to each control devica. This circuit will monitor the control bus.
Upon detection of a valid control signal on at least two out of
the three control buses for that device, it will initiate the
requested atiion.

The control. circuit will utilize high reliability semiconductor
circuits., The control circuit module will be identical for all
devices to minimize spacing and eas maintenance. Figure A-I-10
shows a suggested block diagram of this control circuit.

All the computer sys-em configurations studied provide for fail-
operate/fail-safe operaticn. Further study is suggested to
determine which computer subsystem best fulfills the new generation
submarine.

A-I-16
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II. MISSION CONTROL

A. CONCEPT

The basic Ship's Mission Countrol concept presented in this appendix 3
involves a central executive software structure under the direct
management of the officer in control of the submarine. This execu-
tive structure is driven by a atored mission profile in the form of
tables of time-ordere¢ command (e.g., position, attitude, velocity,
events) leading ultir ely to ship control activities such as maneu-
vering, steering, Jdiving, and surfacing. The officer can treat this f
as & means of implementing mission plans on either a near-real time i
or long-term basis (i.e., minutes vs days), or it can be overridden i
in response to changes in plans or emergency situations. The under-
lying assumption is that the officer of the deck might choose to
conduct certain phases of ship control in the same way an airline
plict does when he chooses "automatic pilot".

e L b R S

The executive structure logically governs acress to subordinate
software modules, where seguences of control commands (e.g., control
plane deflections, sea water pumping rates, etc.) are generated in
such a marner as to satisfy the missiuvn profile. This is accomplished 2
by setting up and maintaining logic flags, relying heavily on infor- ;
mation returned from the subordinate modules as to the status of ;
various ship control sequences under way. By manual input of these :
flags, the officer in charge can override programmed activities and y
gain ship contrel to whatever degree required.

S S

B. SOFTWARE ORGANIZATION AND FLOW

e P P e 15T, B i i e A 2

The executive logic of Figure A-Ii~1 ie cycled through at a fundomental
frequency great enough for all control activities (possibly every

.5 gec), wiLh the time reference being GMT or some other suitable 2
choice. Briefly, the activities during each pass are as follows. p

The mission profile, residing in computer memory in the form uf ;
tables nf navigation, aad ship control commands, is first accessed,
and required updates made accordingly. These veflect any changes
manually entered subsequent to the previous pass.

A-11-1
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SOFTWARE DESCRIPTION 3

The executive logic will first be discussed in some detall, followed
by descriptions of the individual modules. Emphasis will be on basic
concepts, rather than on implementing detail. ]

Executive Structure

Reference should be made to Figure A-II-1 when reading the following
description.

a. Initialization - At initial time t_, which can be when
leaving port or at any other convenient tim@ or times during the
mission, various flags and parameters are preset. Those pertinent
to the present discussion are identified in Table A~II-1; others would
be added as the software evolves.

b. Mission Profile - This consists of tabular data residing
in the computer memory as arrays of time and index sequenced navi-
gation and ship control commands. They will be descriled in the
appropriate discussions of individual software modules. In the
initialization pass, data for these arrays are read in from a Mission
Profile tapa. During each computing cycle these tables are accessed
to provide values for the variables, parameters, and control flags
actually utilized by the various modules. At any time the officer 4
in charge can designate additions or changes to the Mission Profile
tables. These are incorporated into the tables at the start of the
first computation cycle following his setting of the flag MODPROF,

1!
3
L

3 3
1 ]
&.
R
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c. Navigation Module Access - The Navigation Module is accessed i
at a low frequency whenever the officer in charge exercises this ?
option by setting NAVFLG to TRUE. There the current values of the 4
arrays ¢c, 6., TGJID, Py, Py, .... are processed to compute and
return values of Vg 6 and A\, which override the values read from the
VR, and )\, arrays in the previous step. NAVFLG can be mgnually
reset to False at any time, in which case the @, 8., TGUID, Py, P,
..., arrays are used no where by the software.

LAk ARD, L1k et L

d. Programmed Surfacing and Submerging Logic - These activities,
when and 1if desired as preprogrammed maneuvers conducted in accord-
ance with all prevailing constraints, are scheduled through the time
arrays TSRF(L) and TSUB(M). In any cycle when time has reached the
next scheduled surfacing time TSRF(L) flags are set to initiate the
surfacing sequence in either the normal or airless modes, in acccrd-
ance with the mode flag MFLG. Similarly, when time has reached the

A-II-4
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Table A-II-1 Arrays, Logic Flags and Farameters, Etc.
SYMBOL DESCRIPTION PRESET VALUE
MODPROF Flag manually set for reading in F
modifications to Mission Profile
Tables.
NAVFLG Flag manually set for assessing F
module NAV.
Vc(t) Velocity command array. g?
: Ac(t) Azimuth command array. ?%
' E D.(t) Depth command array. ?E
? 5C(K) Latitude command array. 123
§ 5C(K) Longitude command array. fji
% : TGUID(K) .Time command array. ;i
% s Pi(K), K=1, 2, .... Guidance Parameters §§
; K Index for @, 8., TGUID, Pi 1 1
E TSRF(L) Time to surface array i
i'l ASFLG(L) Airless surface flag array i%
é | L Index for TSRF and ASFLG arrays 1 f§
% ; TSUB(M) Time to submerge array | fé
= M Index for TSUB array 1 i
? ; v, 0, 0 Evier Angles defining ship atti- .sé
; tude i
Vw Measured water-relative velocity ;%
Vwc Commanded water-relative velocity ;é
VR Planet-relative velocity
DP , DP Uppgr and lower values defining
2} . u L periscope depth range.
 C A-I1-5
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naxt scheduled submerge time, TSUB(M), a flag is set to iaitiate the
normal subme:ging sequence. Either schedule can be simply suppressed
or reactivated by manual input. The officer in charge can initiate
an unscheduled surface or submerge sequence by manually setting the
flags SURFLG and MFLG or SUBFLG, r~spectively. Or, #s will be discus-
sed later, the maneuvers can be directly accomplished by manual over-
ride of appropriate controls.

Sof tware-;equenced maneuvars are based en three regimes--surfaced,
for which CRSFLG is set TRUE; submsrged, within periscope depth
range, for which CRPFLG is TRUE; and submerged, below periscope
depth range, for which CRUFLG is TRUE.

This permits the use of regime-dependent sub-sequences and control laws
for both surfacing and submerging. In practice, however, the second
regime may exist during a maneuver only momentarily as the ship passes
through the periscope depth range.

a. Control Module Accasses - Plane and Ve.)icity Control and
Dapth Control Tank Contvol are high frequency modules, with Variable
Ballast Tank Control and Center of Gravity Control teing low fre-
quency. . Thesu contrel modulas are always accessed, at their desig-
nated frequencies, with provision for manual override of any or all
of their output commands.

Navigation Module NAV

This module is entered by manual designation of NAVFLG as either 1,
2, or 3. A test of t against TGUID (K + 1) as read from the Mission
Profile table is made in order that the index K always be prnperly
adjusted to provide destination latitude ¢C(K) and longitude 6, (X)
corresponding to a future time TGUID(K). The current astiamtes of
latitude @ and longitude © are read in from the SINS., Three navi-
gation options are provided for, depending on the NAVFLG setting.
Option 1 is a simple scheme that provides an azimuth command A,
for a great circle route between present position and destination,
with no time of arrival specified. (In this case the preprogrammed
velocity command or manual override prevails.) Option 2 computes,
in addition, a planet-relative velocity command on the basis of
time remaining to reach the destination. Option 3 is left open to
provide for some other need not yaet identified. Commands thus
computed are available to the control mcdules for generationm of
actual steering and velocity commands. See Figure A-II-2.

Periodically the navigation process is interrupted by the PVCUN

module in order to command a random baffle clearing maneuver.
This will be discussed in paragraph 6.

A-II-6
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Submerging Module SUB

This module controls the saquence of activities required to submerge.
This is expected to be completely in accordance with present practice,
obeying all constraints, and conducted in the manner of a missile
launch countdown.

Module UDP

Here the sequence is implemented for rising from any undersea depth to
periscope dapth range. Based on the value of MFLG (as obtained from
the Mission Profile Table, or manually input), sequences provide for
either 1 normal, 2 airless, or 3 emergency surfacing. The module

is entered at each computation cycle and commands Vi generated such
that the ship will experience an appropriate horizontal velocity
history as it rises to the surface. The commands are based on
measured depth, with a set of curves such as that shown below pre-
sented for each surfacing mode. These are stored as tables of vel-
ocity vs depth. The intent is to automatically generaie commands
during surfacing that are satisfactory for several standard situa-
tions. For others, thay can be manually overriden when the PVCON
Module is subsequently accessed. See Figure A-II-3 for detaills.

VELOCITY

DEPTH

The logic in VDP is such that if the measured ship velocity lies
between thelvl and V curves, no command is generated. llf it 1is
less than V" or greater than V, Vw is set to either V™ or V,

respectively. ¢

A-11-8
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The Navigation Module (NAV) 1is then accessed, if called for by manual L
input of the Flag NAVFLG. Here, on the basis of latitude, longi- 3
tude, and time, guidance and maneuvering equations generate azimuth ;
. and velocity values which will ultimately result in steering and 3
3 velocity commands. :

PTTETWETY §AeTY,

N.:t, current time is tested against programmed surfacing and sub-
merging times and flags set such that an appropriate schedule is

¥ subsequently initiated if called for. These sequences are based on !
( three operating regimes: i

e # T R b RN
b

BT A T

ootk

A

; Submarine surfaced;
. i Submarine within periscope depth range; and
4 { Submarine below periscope depth range.

vy
e AL e e it

The rationale for this will become clear as detailed axplanations
are gilven.

The Plane and Velocity Control Module (PVCON) is then accessed.

Here, on the basis of azimuth and velocity commands (from the Mission
Profile Tables or the Navigation Module), navigation data from the
SINS, and inferred water-relative velocity, control plane and propul-
sion commands are generated.

bt i) mesi b

gt o

In the Variable Ballast Tank Control Module (VBTC), which 1s entered
at a low frequency, overall flow into or out of the VBTs is commanded
in response to measured depth, temperature, salinity, commanded buoy-

ancy, and to changes in ship weight due to various random and scheduled
activities.

e L T T T L R LGRS S T, T T e T Y S

e The Center of Gravity Contrel Module (CGC) generates commands for .
] shifting water between the VBTs in response to pitch and roll atti- !
tude information from the SINS, and to steady-state deflection of the
: stern and fairwater planes under forward motion. This too is a low

; ; frequency module.

Finally, the Depth Control Tank Control Module (DCTC) working at the
highest frequency generates commands for pumping orerations associ-

ated with the depth contrel tanks. This 1s in response to commanded
and measured depth, velocity, and pitch attitude measurements, and to
steady-state deflection of the fairwater planes under forward motion.

)
:
H

The ship reaponds statically and dynamically te the output commands
of the PVCON, VBTC, BALC, and DCTC modules in a complex and inter-
related manner. As a result, strong coupling exists between those
modules, affecting choice of error signals and control laws used
therein.
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Module DPSUR

Here control commands are generated for surfacing from periscope
depth. The module 1is not accessed until activities of the UDP
module have been completed. The sequence commanded is expected fo
conform with present surfacing practice, and to be conducted in the
manner ¢f a missile launch countdown.

Module PVCON

In this module commands are generated for rudder, fairwater and stern
plane deflections, and for water-relative velocity. These are 6R,

8f ., 8o and Vi, respectively. In addition, commanded depth D, is

sef. iny or afl of these may be overridden by manual control devices.

In the discussion which follows, reference should be made to Figure A-II-4.

Upon entry, a commanded depth D _1is selected. If the ship is operat-
ing in the Under-Periscope Depth regime, this is the value read from
the Mission Profile tables, unless overridden by manual control.
Othervise it is set at either of the fixed values Dg or DPL’ denoting
surface or periscope depth.

If NAVFLG has been set O, bypassing the Navigation Module, the velecity
and azimuth commands V., and M\, from the Mission Profile tables (or

as overridden manually or by UDP or DPSUR) are treated as heading and
water-relative velocity for steering purposes. Otherwise they are
regarded as planet-relative velocity magnitude and azimuth commands,
and water-relative commands Vi and ¢ _ computed therefrom. This is

a simple procedure involving estimation of the ambient ocean current
velocity from SINS measurements and ship operating characteristics.

The SINS-measured heading ¥ is then compared with the command Vo>
providing an error ¢y on which the rudder plane command 6R 15 ©
based. In Figure A-II-4 a simple linear control law utilizing displace-
ment and rate gains Kp and Kg is shown, with provision for manual
override of commanded rudder deflection and/or water-relative velocity.

The stern planes are used to directly contrel pitch attitude O, as
measured by SINS. Because the sensitivity of rate of change of depih
to pitch attitude varies with both velocity and buoyancy, the control
law must be a function of those variables. A nominal value of @ is
first computed 2. a function of depth and velocity by means of a
bivariate table stored in the computer. A deviation from nominal is
then ~omputed as a function of depth error, velocity, depth, and
buoyancy, and added to the nomainal value to yield a commanded atti-
tude ©6,., This command can be manually overridden at any time. The

stern plane control law then utilizes the error € " e - Gc to

A-I1-11 ’
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generate a deflection command &6, for the stern planes. Figure A-II-4
also includes a damping term involving & and a dependence on vel-

ocity to allow for the manner in which control characteristics change
with that variable.

The fairwater planes are used to provide depth control in a manner
dependent on velocity. The control law shown in Figure A-II-4 also
provides for variation in operating regimes and coordination with
stern plane commands. Manual override of the commanded fairwater
plane deflection is provided for, with optional coupling to the
stern plane control device being allowed for.

Module VBTC

This module controis flow into and out of the Variable Ballast Tanks.
It is accessed at a low frequency rate and, by utilizing a limit
cycle, can be inactive most of the time. A nominal buoyancy B is
prescribed as a function of depth and velocity. This may appear
qualitatively as a family of curves as shown below, and is input

_ 0 + . as 3 bivariate table.
0. — - e e - The¢ commanded weight of variable
P balic"t ig obtained from the equa-

tion defining buoyancy:

B = weight of water displaced - weight

: of ship
£
=4
a This leads to the desired expression
(=]
B(D,V)
e Wyp =V REENEy - W - Wy - B,

where W_ is the fixed dry weight of Ehe ship, WV is the variable
weight excluding ballast (i.e., crew, cargo, etc), V, is the volume
of the ship at some reference depth, P is the density of seawater
at the surface, and £,, fz, £, ave density correction factors for
salinity, depth, and températire. The latter appear qualitatively
as follows, and are inpi:t as tables.

£1(5)
f2(P) f3(T)
NN—
l T
Std Salinity Depth Temperature
A-1I-13
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As terms of the equation vary due to changes in operating regime,
events such as waste disposal (but not activities of the DCTs), a
command Wyp, is computed and compared with the value being carried

in a VBT bookkeeping subroutine. This gives an error signal which,
1f outside a designated range, actuaies flow into or out of the VBTs
until that error has been reduced to within some inner range. Selec-
tion of tanks for filling and draining, as well as mainterance of
inventory of their contents, is handled by the aforementiuned book-
keeping subroutine.

Course control of the ship's buoyancy is thus provided for under-
sea cruising. Time control is implemenied by the DCTC module. This
approach is expected to cope with the inaccuracles associated with
keeping reasonably accurate W, and Wy inventories during a lengthy
cruise, by regularly correcting for drift in the totals away from
their true values.

Module DCTC

The Depth Control Tank Control Module commands flow into and out of
the DCTs in accordance with error signals based on depth errors and
steady-state control plane deflections.

At very low velocities buoyancy is responsible primarily for aay
vertical force affecting depth. At higher velocities, under steady
gstate conditions, the vertical force due to the combined effects of
pitch and deflections of stern and fairwater planes predominates.
Thus, a possible error signal for controlling flow to the DCTs is
sin 0 + k2 6S + k3 JFP)VW - D,

where the kj are constants characteristic of the ship. The control
law would also require damping terms and a3 means to switch gains
for hovering.

‘oc = (&

Flow to and from the VBTs by way uf the DCTs 1s mathematically segre-
gated from that commanded by the DCTC Module.

Module CGC

This module commands flow between the Variable Ballast Tanks in

order to centrol the position of the center of gravity. It does this

in response tc attitude measurements from the SINS, allowing for
steady-stace deflections of stern and fairwater plamnes in response

to forward motion. Pitching moments due to sail, stern planes, and
fairwater planes are proportivnal to Vw, asvw, and 6fVW, respectively.

A-II-14
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Under cceady-state conditioms, then, the sum of these moments |

constitutes an error signal which car be the bagis of flow com- 1

mands between the VBTs. As balaace is restored, the DCTC ana PVCON |

modules are relied on to steadily tring pitch z2ttitude and control

plana deflections to their proper values.
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CREW MANNING SENSITIVITY

Analyses of crew size requirements for the five levels of mechaniza-
tion were performed to obtain approximations of the net reduction in
crew size that could be obtained by independently advancing each
subsystem design through each of the five levels of mechanization.
These analyses were performed for two separate conditions: (1)
advancing the clements in each subsystem up to but no farther than
their recommended optimum point of advancement as identified in
Table TTI-B-25; and (2) advancing all subsystem elements through the
five levels of mechanization regardless of their recommended optimum
point of advancement. In developing the subsystem crew size require-
ments for each level of mechanization, watchstander functions were
evaluated at each level to determine function reorganization between
watchstanders and mechanized control/display devices.

Analysis of condition 1 thus identifies the subsystem crew require-
ments that would exist if all elements for a given subsystem were
progressively moved tc a particular level of mechanizatinn but
advanced no farther than their recommended point of advancement.

Analysis of condition 2 identifies the subsystem crew requirements
that would exist 1f all elements for a given subsystem were progres-
sively advanced through the five levels of mechanization; i.e., up to
and beyond their recommended or optimum point of advancement.

It must be understood, however, that subsystem elements which are
located at higher levels of mechanization in the baseline SSBN were
not moved backwards in perforiming these analyses; i.e., the crew
regjuirements numbers shown for each level of mechanization assume
that elements currently mechanized to a higher lavel would continue
to operate at that higher level of mechanization.

Figures A-III-1 through A~III-10 represent the results of rhese
analyses., The solid line indicates crew requirements for condition
1, the dotted line represents the crew requirements for condition 2,
Figure A-III-11 presents crew requirements as a result of the summa-
tion of all subeystems mechanized independently. These numbers
cannot be interpreted to illustrate the crew required as a result

of integrated subsystem mechanization. Crew requirements for an
integrated ship mechanization would be less since:

(1) watchstander duiies are not completely related to any one
subsystem;

A~III-1
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(2) maintenance responsibilities can be combined;
(3) operational and maintenance training can be diversified;

(4) any one control station 'can monitor requirements of more
than one subsystem.

As discussed in the body of the report, crew requirements are not
the only or most important reason to mechanize any submarine sub-
system or the entire ship. Therefore, no such decisions should be
based upon interpretations of Figure A-III-1l.
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